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TITLE OF THE INVENTION 

Antimicrobial Mediated Bacterial DNA Delivery 

5 



INTRODUCTION 

10 

This invention relates to a method for introducing functional nucleic 
acids into cells using a bacterial delivery system. A bacterial vector capable of 
delivering functional nucleic acids to cells can be produced by introducing a 
bacterial plasmid containing promoters and other sequences containing 

1 5 instructions recognized by eukaryotic cells into bacteria capable of invading 
cells, being taken up by cells, or interacting with cells in such a way as to have 
the nucleic acids reach the eukaryotic cell cytoplasm. The nucleic acids 
delivered to the cell in this way can direct the eukaryotic cell to produce antigens 
or other functional molecules. 

20 These unique bacterial delivery systems therefore can be used as 

vaccines to prevent or treat infectious diseases and cancer, down regulate the 
immune system in the case of tissue rejection in transplantation, prevent or treat 
autoimmune diseases and other diseases related to dysregulation of the immune 
system. In addition, the bacterial delivery systems can be used for gene therapy 

25 or gene replacement for treatment or amelioration of disease such as hereditary 
genetic diseases, cancers and virus infections. 

Direct DNA-mediated immunization is another approach to the 
introduction of functional nucleic acids and vaccine development. Highly 
purified bacterial plasmid DNAs expressing desired proteins under the control of 

30 viral promoters have been injected primarily into muscle or skin by traditional 
needle and syringe or by other more exotic methods such as biolistic transfection 
with DNA-coated gold microparticles (for review see Donnelly, J J. et al. J. 
Immunol Methods (1994) 176: 145) (All documents cited herein supra or infra 
are hereby incorporated by reference). Investigators using this technology have 

35 been able to elicit neutralizing antibodies, cytotoxic T lymphocytes and 
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protection against challenge in several animal models of infection ranging from 
influenza to malaria. The use of bacteria as a delivery system as described in 
this invention is a unique method of delivering DNA to mammalian cells and has 
the potential to provide a simple, inexpensive way of extending DNA 
5 immunization to the local immune system and beyond through oral and other 
mucosal routes of immunization. 

Previously, live bacteria have been utilized as vaccines in order to protect 
against subsequent infection. Attenuated or less virulent Shigella, Salmonella, 
Listeria, and other bacteria have been given orally to immunize against 

10 subsequent infection with more virulent forms of these bacteria. Likewise, 
attenuated bacterial and mycobacterial organisms such as Bacille Calmette- 
Guerin (BCG) have been administered parenterally to protect against related 
organisms such as M. tuberculosis. Genes from bacteria, viruses and parasites 
have been cloned into a variety of bacteria and mycobacteria for the purpose of 

1 5 directing the bacteria to express the foreign antigen or impart on the bacteria 
certain desired properties for use as a live vaccine. Examples include cloning 
the invasion genes of Shigella into the normally non-invasive E. coli rendering 
the E. coli invasive and therefore more suitable for use as a vaccine strain, or 
cloning of P. falciparum malaria genes into Salmonella typhimurium which 

20 subsequently express these malaria proteins and, following oral administration 
of the bacteria, induce specific cytotoxic T cell immunity and protection in mice 
against malaria challenge (Sadoff et al. Science (1988) 240 :336-338; Aggrawal 
etal. J. Exp. Med. (1990) 172:1083-1090). All of these bacterial delivery 
systems require the bacteria itself to produce the antigen or functional molecule 

25 and are dependent on a bacterium which is sufficiently attenuated to be safe for 
use in humans, but still able to induce a protective response. The bacterial 
delivery system of the present invention is designed to deliver functional nucleic 
acids which are then transcribed and translated as directed by the eukaryotic 
machinery to produce foreign antigens or functional molecules. In this case, 

30 antigen toxicity which is often seen when using live attenuated bacterial carriers 
expressing foreign proteins/peptides is eliminated because the expression occurs 
within the mammalian via its own machinery. This also will allow for any 
secondary modifications required of the protein; thus, permitting the protein to 
take a more charactistic/natural form for processing and presentation to the 
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immune system or to direct a cellular function. In addition, if desired, it can be 
used to deliver prokaryotically produced antigens and functional molecules. 

This invention can be applied to any desired bacteria. We chose Shigella 
as an example of a bacterial delivery system because of its ability to invade cells, 
5 escape from the endocytic vacuole, and enter into the cytoplasm of eukaryotic 
cells. These properties are not required of a bacteria chosen for application of the 
present invention, but simplified the experimental system. Shigellae are enteric 
pathogens that invade the human colonic epithelium and multiply intracellularly, 
causing bacillary dysentery. Bacillary dysentery is caused by all members of the 

10 genus Shigella (S. boydii, S. dysenteriae, S.flexneri, and S. sonnei). 
Shigellosis is prevalent in developing countries, but is also found in 
industrialized nations, especially in institutional settings. It has been estimated 
that Shigellosis is the cause of half a million deaths a year, mostly among 
children, making the development of a safe and effective Shigella vaccine 

15 important (Stole, B. J. et al. J. Infect. Dis. (1982) 146: 177). To cause 

dysentery, Shigella strains must be able to recognize, invade and multiply within 
epithelial cells of the colon (LaBrec, E. H. etal. J. Bacteriol. (1964) 88: 1503). 
Both the bacteria and host cell play a role in the invasive process wherein the 
host cell actively engulfs the bacteria which in turn escapes from the phagosome 

20 by a bacteria-mediated digestion of the phagosomal membrane (Sansonetti, P. J. 
etal. Infect, lmmun. (1981) 34: 75). Once in the cell, bacterial multiplication 
occurs resulting in host cell necrosis. 

SUMMARY 

25 In this invention is described a method for delivering DNA to cells. The 

method of the present invention includes the introdution of the desired DNA into 
bacteria, allowing the bacteria to infect or enter cells, and then lysing the bacteria 
inside the cells such that the desired DNA is releasd. Even though a specific 
bacteria is described herein and is shown to deliver nucleic acids to eukaryotic 

30 cells, this invention is applicable to all bacteria and mycobacteria. Plasmids 

introduced into other cells such as plant cells may also render these cells capable 
of delivering nucleic acids. 

Specifically, the method of the present invention uses an attenuated 
bacterial strain which is sufficiently attenuated to not cause disease, while still 

35 maintaining the ability to enter mammalian cells. The attenuated strain used in 



WO 98/44131 



4 



PCTAJS98/05704 



the method of the present invention does not carry genetic mutations specifically 
designed to lyse the carrier and mediate delivery of plasmid DNA. Since the 
bacterial strain is not engineered to lyse, delivery of the DNA in the cell is 
mediated by alternative methods, such as, for example, the use of antimicrobial 
5 agents. The Shigella flexneri strain used as a model in the present invention, 
SC602, carries mutations in the icsA gene required for intracellular spread and 
aerobactin (iuc::iut) and was described in Barzu et al, Infection and Immunity 
64: 1 190-1 194 (1996). Once the attenuated bacteria containing the DNA to be 
delivered is inside the cell, antimicrobials are introduced which eliminate the 

1 0 bacteria and allow the release of intact DNA into the cell. 

The advantage of the method of the present invention is that any bacterial 
strain can be used; so long as the strain meets the following criteria: attenuated 
for use in humans or other animals, invasive, and exits or breaks down the 
endocytic or phagocytic vacuole in such a way as to allow the release of 

1 5 functional DNA. Therefore, one can take advantage of the higher level of 
invasiveness afforded other attenuated bacterial strains thereby increasing the 
number of mammalian cells infected, and thus the number of mammalian cells 
expressing the foreign protein or peptide once the bacteria is lysed inside the 
cell. 

20 Therefore, it is one object of the invention to provide a delivery vehicle 

for the delivery of DNA to cells. The DNA encoding desired gene(s) or 
antigen(s) along with control sequences can be introduced into attenuated 
bacteria, and the recombinant attenuated strain allowed to enter mammalian cells 
afterwhich antimicrobials able to lyse the bacteria are introduced such that the 

25 bacteria is lysed and DNA delivery is mediated. Such a delivery vehicle could 
be used for oral and other mucosal immunization and gene therapy strategies. 

It is another object of the present invention to provide a Shigella delivery 
vehicle for the delivery of DNA to mucosal surfaces. The DNA encoding 
desired gene(s) or antigen(s) can be introduced into attenuated Shigella, the 

30 recombinant attenuated Shigella strain allowed to enter mammalian cells, 

afterwhich, antimicrobials able to lyse the Shigella are introduced such that the 
Shigella is lysed and DNA delivery is mediated. Such a delivery vehicle could 
be used for oral and other mucosal immunization and gene therapy strategies. 
It is still another object of the present invention to provide a method for 

35 the delivery of heterologous foreign antigens expressed by attenuated bacteria, 
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more specifically Shigella, for the purpose of inducing in an individual an 
immune response against the foreign antigen or for treatment of a disease 
wherein said foreign antigen is missing or found in reduced amount. 

It is further another object of the invention to provide a delivery vehicle 
5 for delivery of functional DNA and antigens to cells in vitro for use of those 
cells in, for example, transplantation and gene therapy. The DNA encoding 
desired gene(s) or antigen(s) can be introduced into attenuated bacteria, and the 
recombinant attenuated strain allowed to enter cells in vitro afterwhich, 
antimicrobials able to lyse the bacteria are introduced such that the bacteria is 
1 0 lysed and DNA delivery is mediated. 

It is yet another object of the invention to provide a general method for 
introducing functional DNA into cells using bacterial delivery systems. The 
desired functional DNA is introduced into an attenuated bacteria able to enter or 
infect cells afterwhich, an antimicrobial is used to lyse the bacteria inside the cell 
15 such that the DNA is released in the cell. This method can be used for inducing 
protective immunity as a vaccine, for preventing and treating tumors, for the 
therapy and treatment of autoimmune disorders, for the treatment of conditions 
related to dysfunction of the immune system, for transplantation, for gene 
replacement, and gene therapy. 

20 

DETAILED DESCRIPTION 

The present invention describes a method for delivery of DNA into cells. 
The method of the present invention comprises the steps of introducing the 
desired DNA along with control sequences into a bacteria able to enter cells, and 
25 then lysing the bacteria inside the cells such that the DNA is delivered and 
expressed by the cell. This process is generally applicable to all bacteria and 
mycobacteria. 

By 'control sequences' is meant DNA sequences which are necessary to 
effect the expression of coding sequences to which they are operably linked. By 

30 'operably linked' is meant a juxtaposition wherein the components are in a 
relationship permitting them to function in their intended manner. A control 
sequence 'operably linked' to a coding sequence is ligated in such a way that 
expression of the coding sequence is achieved under conditions compatible with 
the control sequences. Generally, such control sequences include promoter and 

35 ribosome binding site. Promoters can be specific for the cell type where the 
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antigen is to be expressed. In addition, promoters can be constitutive, 
expressed continuously, or can be inducible such that the expression of the 
DNA or antigen can be regulated. The term 'control sequences' is intended to 
include, at a minimum, all components whose presence is necessary for 
5 expression, and may also include additional components whose presence is 
advantageous, for example, enhancers to increase expression of the antigen. 
Control sequences specific for different cell types and conditions are well 
known in the art. The combination of control sequences and desired DNA 
encoding the antigen of interest will be referred to hereafter as 'functional DNA' 

10 Specifically, the present invention describes a method for delivery of 

functional DNA into cells, said method comprising introducing functional DNA 
into an attenuated Shigella strain, the Shigella allowed to invade and enter the 
eukaryotic cell, and then lysed inside the cell using antimicrobial agents capable 
of entering the cell and lysing the bacteria thereby releasing the desired 

1 5 functional DNA. 

More specifically, the desired functional DNA encoding a desired 
antigen along with control sequences is introduced into SC602, an attenuated 
Shigella flexneri 2a strain containing a deletion in the icsA gene required for 
intracellular spread and aerobactin (iuc::iut) [described in Barzu, et al., 1996, 

20 supra). The recombinant SC602 is allowed to invade and enter the eukaryotic 

cells of the epithelial mucosa and antimicrobial agents are introduced which enter 
the infected eukaryotic cells and lyse the bacteria thereby releasing the functional 
DNA into the eukaryotic infected cells. 

In accordance with the present invention, any attenuated bacterial strain 

25 can be used. The bacteria does not need to be virulent, but preferably should 

have the ability to enter or be taken up by the target cell and be attenuated to such 
an extent that clinical symptoms be acceptable. In addition, the bacteria must be 
sensitive to the antimicrobial to be used. Examples of such bacteria include 
Listeria, entreoinvasive E. coli, Ricketsia, or engineered E. coli spp., 

30 Salmonella spp., Vibrio spp., Klebsiella spp., Bordetella spp., Hemophilus 
spp., Brucella spp., Helicobacter spp., Bacillus spp., to name a few. 

In accordance with the present invention, any gene or genes can be 
introduced into the bacterial chromosome or virulence plasmid by methods 
described above, or alternatively can be carried by the bacteria in a replicating or 

35 nonreplicating plasmid. The vectors of interest can be introduced via 
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transformation, electroporation, transfection or conjugation. Genes for 
immunizations would include genes encoding foreign antigens from organisms 
causing, for example, diarrheal diseases such as rotavirus, sexually transmitted 
diseases such as human immunodeficiency virus, Neisseria gonorrhoeae, and 
5 human papilloma virus, and gastrointestinal diseases such as the ulcer causing 
Helicobacter pylori. In the model of the present invention, the attenuated 
Shigella was shown to deliver functional DNA and antigens to cells. 

Specifically, the use of Shigella, as a bacterial delivery may permit 
mucosal immunization simultaneously with multiple antigens that can be directed 

1 0 for class I and/or class II presentation, stimulation of Th 1 or Th2 help, or 

secreted while maintaining the proper folding and conformational epitopes for 
IgA and IgG antibody production. 

Similar methods can be used for the delivery of functional DNA for gene 
therapy and correction of inborn errors of metabolisms. Such genes would 

1 5 include, for example, replacement of defective genes such as the CFTR gene for 
cystic fibrosis or introduction of new genes such as reverse transcriptase or 
protease antisense genes for the treatment of HIV or genes to upregulate Th 1 
immune responses such as interleukin-12 (IL-12) or genes to up- or down- 
regulate certain receptors, metabolites or hormones such as cholesterol and 

20 cholesterol receptors, insulin and insulin receptors, or genes encoding products 
that can kill cancer cells such as Tumor Necrosis Factor (TNF), or genes to 
upregulate systems that have decreased for a variety of reasons including aging 
such as secretion of growth hormone, stimulation of osteocytes to promote bone 
growth, and down regulation of osteoclasts to decrease bone desorption. 

25 Delivery of functional DNA can also be used to downregulate the 

immune system in an antigen specific manner or general manner in order to 
prevent or control autoimmune diseases or other diseases involved in 
dysregulation of the immune system or for prevention or treatment of specific 
diseases or conditions including transplantation. Examples include the 

30 prevention or treatment of autoimmune encephalitis, multiple sclerosis, lupus 
erythematosis, diabetes melitus, Crohn's disease and other inflammatory bowel 
diseases, and rheumatoid arthritis and other inflammatory joint and skin 
diseases. Other examples include down regulation of immune responses that 
inhibit appropriate protective or curative immune responses such as down 

35 regulation of immune responses that distract from protective and curative 
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immune responses to cancer and other diseases. For example, down regulation 
of Th2 responses when Thl responses are appropriate for prevention and 
treatment of cancer, Leishmania, Mycobacterium tuberculosis, and HIV. This 
can be accomplished using this methodology through manipulation of the unique 
5 immunosuppressive properties of the gut and other local immune systems in 
combination with the ability to code for production of the appropriate cytokine 
milieu for induction of the appropriate immune response and suppression of 
inappropriate responses. 

In accordance with the present invention, the bacteria is lysed inside the 

1 0 cell to release and deliver the desired functional DNA. Methods for lysing 

bacteria inside cells include the use of a drug or antimicrobial agent capable of 
entering the cells to a sufficient level, and has the properties of affecting the 
synthesis of the bacterial cell wall or other bacterial cell membrane component, 
or able to form holes/pores in the bacterial cell wall or membrane. Antimicrobial 

15 agents include any agent which inhibits the growth of or kills the bacteria. The 
agent can be manmade or produced or derived from a living organism such as an 
antibiotic. For a list of bacteria and the antibiotics given as treatment, please see 
G. L. Mandell, R.G. Douglas Jr, J.E. Bennett. Principles and Practices of 
Infectious Diseases . 3rded. New York: Churchill Livingstone, 1990. Early 

20 antimicrobial research yielded a very effective drug for treating Shigella and 
other intracellular bacteria, azithromycin [Kitzis et al. (1990) J. Antimicrob. 
Chemother. 25: Suppl.A. 15-18; Gordillo etal. (1993) Antimicrobial Agents 
and Chemotherapy 37:1203-1205]. Azithromycin is biochemically similar to 
erythromycin; it prevents the ribosome from ejecting the P-site tRNA and 

25 moving on to replace it with the A-site tRNA during transcription, thus 

inhibiting protein synthesis (Retsema, 1987). Its advantage over erythromycin is 
that it enters the mammalian cell at a higher concentration; therefore intracellular 
bacteria are killed more efficiently [Gladue et al. (1989) Antimicrobial Agents 
and Chemotherapy 33: 277-282; Gladue and Snider (1990) Antimicrobial 

30 Agents and Chemotherapy 34: 1056-1060; McDonald and Prull (1991) Eur. J. 
Microbiol Infect. Dis. October 1991 : 828-833]. 

The concentration and time of addition of the antimicrobial can be 
determined empirically for each bacterium. The time of addition of an 
antimicrobial agent is based upon the time when the bacteria leaves the endocytic 

35 vacuole (preferably after the bacteria have exited the endocytic vacuole, and 
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prior to the destruction of the cultured cell). The concentration to be added 
should be an amount able to enter cells and act on the bacterium. 

In another embodiment, the present invention relates to a method for the 
introduction of antigens of interest into cells. Such a method would comprise 
5 introduction of the desired functional DNA or antigen into attenuated bacteria, 
for example Shigella, such that the desired antigens are produced, administering 
said bacteria to an individual, and administering a bacterial lysing agent or 
antimicrobial such that the bacteria is lysed in the cell and antigens are 
introduced into the cell. Said antigens can be produced during the life cycle of 
10 the bacteria prior to entering said cells. These antigens can be expressed from a 
prokaryotic promoter, and can either be constitutively expressed or induced. 
Such genes include those from parasitic organisms for which an immune 
response is desired. 

In another embodiment, the present invention relates to a method for the 
15 introduction of DNA or antigens of interest into cells in vitro. Such a method 
would comprise introduction of the desired functional DNA or antigen into 
attenuated bacteria such that the desired antigens are produced, administering 
said bacteria to cells, and lysing said bacteria in cells thereby mediating delivery 
of DNA or antigens of interest into cells. The bacteria chosen as a delivery 
20 vehicle would depend on the cell type into which the functional DNA is to be 
introduced. Shigella, for example infects several different cells types, such as 
BHK (baby hamster kidney cells), HeLa (Human cervical epitheloid 
carcinoma), and CaCo-2 (human colonic adenocarcinoma) and is therefore 
capable of delivering desired DNA or antigens into these cells wherein said 
25 DNA can be expressed. Cells into which functional DNA has been delivered 
can be transplanted for therapeutic purposes, used for gene therapy or used as 
reagents in diagnostic assays. 

Current methods for introducing functional DNA or antigens into cells in 
vitro require purified DNA in ug amounts. The functional DNA is then added to 
30 their liposomes or other matrix, allowed to mix, then added onto the cells. The 
mixture is usually toxic to cells and may require several attempts to adjust the 
amount or ratio of functional DNA and matrix such that the DNA-matrix mixture 
is taken up by the cells. The method of the present invention presents 
advantages in that a bacterial strain or strains can be designed in which the 
investigator can do their desired cloning and selection. This strain would then 
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act as a delivery vehicle to carry their cloned product to cultured mammalian 
cells with no need to purify the DNA and the clone containing the desired 
functional DNA selected in a short period of time. 

Another embodiment of the present invention is the use of the method as 
5 a vaccine delivery system. The attenuated bacterial strain containing the 
functional DNA of interest can be used as an immunizing agent against 
infection. The attenuated bacterial vaccine of the present invention can be 
prepared in the form of a mixed vaccine which contains one strain or several 
different strains of attenuated bacteria with the same or a different DNA for each 

1 0 to deliver to the same cell or a different cell by selecting bacteria which are 

capable of infecting the target cell. Further, the vaccine can include at least one 
other antigen as long as the added antigen does not interfere with the 
effectiveness of the attenuated bacterial vaccine and the side effects and adverse 
reactions, if any, are not increased additively or synergistically. Once the 

1 5 functional DNA encoded immunogen is released in the cells as a result of lysing 
the bacteria, the cell is capable of producing the antigen, presenting it to the 
immune system for production of protective antibodies and/or cellular mediated 
immunity. 

Vaccines are prepared for oral administration, either as liquid solutions 
20 or suspensions; solid form suitable for solution in, or suspension in, liquid prior 
to administration. The preparation may also be emulsified, or the ingredients are 
often mixed with excipients as, for example, pharmaceutical grades of mannitol, 
lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium 
carbonate, and the like. These compositions take the form of solutions, 
25 suspensions, tablets, pills, capsules, sustained release formulations, nose drops 
or powders and contain about 10 - 10 12 attenuated bacteria. 

Vaccines can also be in the form of injectables. Suitable excipients 
would include, for example, saline or buffered saline (pH about 7 to about 8), 
or other physiologic, isotonic solutions which may also contain dextrose, 
30 glycerol or the like and combinations thereof. However, agents which disrupt 
or dissolve lipid membranes such as strong detergents, alcohols, and other 
organic solvents should be avoided. In addition, if desired, the vaccine may 
contain minor amounts of auxiliary substances such as wetting or emulsifying 
agents, pH buffering agents, and/or adjuvants which enhance the effectiveness 
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of the vaccine. Examples of adjuvants which may be effective include but are 
not limited to: aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D- 
isoglutamine (thr-MDP), N-acefylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine- 
2-( 1 '-2'-dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine (CGP 
5 19835A, referred to as MTP-PE), and TDBI, which contains three components 
extracted from bacteria, monophosphoryl lipid A, trehalose dimycolate and cell 
wall skeleton (MPL+TDM+CWS) in a 2% sqalene/Tween 80 emulsion. The 
effectiveness of an adjuvant may be determined by measuring the level of 
desired immune response directed against the bacteria, carried antigen, or DNA 

10 encoded antigen resulting from administration of the attenuated bacteria, in 
vaccines which are also comprised of the various adjuvants. 

The vaccine can be administered in the form of a liquid or suspension 
prepared as discussed above. Additional formulations which are suitable for 
other modes of administration include suppositories. Additionally, the vaccine 

1 5 can be lyophilized. For suppositories, traditional binders and carriers may 

include, for example, polyalkylene glycols or triglycerides; such suppositories 
may be formed from mixtures containing the attenuated bacteria enough to 
generate the desired immune response, i.e., protection or reduction of disease 
incidence or severity without causing undesirable, adverse side affects, 

20 generally in a range of 10 -10 12 colony forming units of attenuated bacteria per 
dose. 

Generally, the vaccine may be administered orally, subcutaneously, 
intradermally, or intramuscularly in a dose effective for the production of the 
desired immune response. The vaccines are administered in a manner 

25 compatible with the dosage formulation, and in such amount as will be 
prophylactically and/or therapeutically effective. The quantity to be 
administered, which is generally in the range of or 10 to 10 12 colony forming 
units of attenuated and/or attenuated/inactivated bacteria per dose, depends on 
whether it is acting as a vaccine to bacteria or a carrier of heterologous antigens 

30 or DNA, on the subject to be treated, capacity of the subject's immune system to 
develop the desired immune response, and the degree of protection desired. 
Precise amounts of the vaccine to be administered may depend on the judgement 
of the practitioner and may be peculiar to each subject, antigen, or use of the 
bacteria as a vaccine or carrier. 
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The vaccine may be given in a single dose schedule, or preferably a 
multiple dose schedule in which a primary course of vaccination may be with 1- 
10 separate doses, followed by other doses given at subsequent time intervals 
required to maintain and or reinforce the immune response, for example, at 1 -4 
5 months for a second dose, and if needed, a subsequent dose(s) after several 
months. The dosage regimen will also, at least in part, be determined by the 
need of the individual and be dependent upon the judgment of the practitioner. 
Examples of suitable immunization schedules include: (i) 0, 1 month and 6 
months, (ii) 0, 7 days and 1 month, (iii) 0 and 1 month, (iv) 0 and 6 months, or 
10 other schedules sufficient to elicit the desired immune responses expected to 
confer protective immunity, or reduce disease symptoms or reduce severity of 
disease. 



Described below are examples of the present invention which are 
1 5 provided only for illustrative purposes, and not to limit the scope of the present 
invention. In light of the present disclosure, numerous embodiments within the 
scope of the claims will be apparent to those of ordinary skill in the art. 

The following MATERIALS AND METHODS were used in the 

20 examples that follow. 

Bacteria: The attenuated vaccine strain of Shigella flexneri 2a strain 
2457T, 15D and 15D(pCMVp) has been described elsewhere (Sizemore et al. 
(1995) Science 270:299-302). Briefly, 15D carries a mutation in the asd gene 
and is therefore genetically programmed to die when it tries to divide. The 

25 Shigella strain SC602 was obtained from P. Sansonetti. pCMBP expresses E. 
coli p-galactosidase under the control of the immediate early promoter and 
enhancer from the human cytomegalovirus (CMV) in mammalian cells, which 
permitted us to easily analyze mammalian-mediated gene expression after 
delivery [MacGregor and Caskey (1989) Nucl Acids Res. 17:2365]. 

30 Mammalian Cells: The cell line used throughout these experiments 

was that of the baby hamster kidney (BHK) obtained from ATCC. BHK cells 
were grown in complete Dulbecco's Modified Eagle's Medium, DMEM 
(Biowhittaker), containing 10% newborn calf serum and 1% L-glutamine. 
These adherent cells were grown on polystyrene tissue culture ware at 37°C and 

35 5% C0 2 . Cells are routinely used at a time when semi-confluence is reached. 
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Antibiotics: Powdered purified azithromycin was obtained from Maj. 
Kyle. Oral formulation of ciprofloxacin was obtained from Maj. Fleckenstein. 
Reagents to measure (3-galactosidase activity: 

Phosphate buffered saline: 8.5 g/L NaCI, 5.75 g/L Na 2 HP0 4 , 1 .0 g/L 
5 KH 2 P0 4 , sterile filtered. 

PM-2 buffer: 20 mM NaH 2 P0 4> 80 mM NaHP0 4 , 0. 1 mM MnCl 2 , 
2 mM MgS0 4 , 40 mM [3-mercaptoethanol, pH 7,3, sterile filtered. 

ONPG reagent: 4 mg/ml o-Nitrophenyl-p-D-Galactopyranoside in PM-2 

buffer. 

10 Dissociation buffer: 8 M urea, 100 mM Tris, 5% SDS 

Edda Twiddy's EDTA: 0.5 g EDTA, 0.4 g NaCI, 0.4 g KC1, 0.05 g 
NaH 2 P0 4 , 0.06 g KH 2 P0 4 in 1 liter water, pH 7.6, sterile filtered 

The protocol used for these experiments consisted of diluting an 
overnight culture of the bacteria 1 in 50 and allowing it to grow to midlog phase, 

1 5 approximately 2.5 hours. The midlog cultures were then concentrated in 
Hank's Balanced Salts by centrifugation to approximately 10 9 bacteria per 
milliliter and a small aliquot was taken to determine the midlog bacterial count. 
Two milliliters of bacteria were added to the appropriate semi-confluent flask of 
BHK cells and allowed to incubate for ninety minutes at 37°C and 5% C0 2 . 

20 After the incubation, the cells were rinsed with Hank's Balanced Salts (Sigma). 
In most cases the flasks were treated with complete DMEM containing 20 mg/ml 
gentamicin to kill all extracellular bacteria. Either antibiotic was then added at 
the designated time. 

Demonstration of DNA Delivery : 

25 Harvesting of cells was carried out as follows. At the appropriate time 

point media was removed from the flasks and the flasks were rinsed thoroughly 
with Hank's Balanced Salts followed by Edda Twiddy's EDTA. Flasks were 
then treated with 5 milliliters of Trypsin-EDT A for 5 minutes at 37°C and 5% 
C0 2 to lift the adherent mammalian cells from the flask. Ten milliliters of room 

30 temperature DMEM with serum was added to inactivate the Trypsin-EDTA. The 
cells were pelleted at 2000 rpm for 12 minutes at room temperature and 
resuspended in 10 milliliters of phosphate buffered saline (PBS). 

A 100 u.1 aliquot was taken and diluted in 0.1 % Triton X-100 and plated 
on diaminopimelic acid (DAP) supplemented congo red (Sigma) tryptic soy agar 

35 for 15D or TSA without DAP for SC602. The remainder was again pelleted and 
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resuspended in 1.3 ml PM-2 buffer. 30 |il of 10% Triton X-100 was added and 
the sample was incubated at room temperature and vortexed frequently for ten 
minutes to lyse the BHK cells. The cellular debris was pelleted for 20 minutes 
at 13500xgand4*C. 
5 Four hundred microliters of the supernatant was combined with 400 u.1 

of PM-2 buffer in a spectrophotometric cuvette and allowed to equilibrate to 
37°C. 200 ul of ONPG reagent is then added to each sample and any applicable 
standards. The samples were incubated at 37°C and timed until a vibrant yellow 
color appeared, at which point the reaction was complete. The absorbance of 

10 each sample was measured at 420 nm and recorded. JJ-galactosidase activity was 
calculated as Ab420 x 380/Time (minutes). To determine the total amount of 
protein present in each assayed sample 200 u.1 of cold (-20°C ) acetone was 
added to 50 ul of the above supernatants, vortexed thoroughly and stored at - 
20°C for 30 minutes. The samples were then pelleted for 10 minutes at 14000 

15 rpm and the supernatant was discarded. Samples were allowed to dry in a 

heated evacuating centrifuge and then resuspended in 50 \i] dissociation buffer. 
The protein concentration was then determined using a standard BCA (Pierce) 
protein determination protocol. Results are reported as |5-galactosidase activity 
per mg of protein. 

20 

EXAMPLE 1 
Use of Azithromycin to Mediate DNA Delivery 
Early antibiotic research yielded a very effective drug for treating 
Shigella and other intracellular bacteria, azithromycin (Kitzis, 1990, supra; 

25 Gordillo, 1993, supra). Azithromycin is biochemically similar to erythromycin; 
it prevents the ribosome from ejecting the P-site tRNA and moving on to replace 
it with the A-site tRNA during transcription, thus inhibiting protein synthesis 
[Retsema et al. (1987) Antimicrob. Agents Chemother. 31: 1939-1947]. Its 
advantage over erythromycin is that it enters the mammalian cell at a higher 

30 concentration; therefore intracellular bacteria are killed more efficiently (Gladue, 
1989, 1990, supra; McDonald and Prull, 1991, supra). For these experiments, 
complete DMEM containing the designated concentrations of the azithromycin 
were added to flasks of infected BHK cells at various times to determine an 
effective inhibitory concentration and the appropriate time for addition of the 

35 antibiotic to mediate DNA delivery (Table 1). Treated cells were harvested 
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within 24 hours of introducing the azithromycin. Results of (3-galactosidase 
assays performed on cell lysates of BHK cells infected with either SC602 or 
SC602(pCMVp) treated with azithromycin revealed an observable amount of 
activity only from those cells that had been infected with SC602(pCMVp) and 
5 treated with azithromycin. The results also indicated that addition of the 

azithromycin 1 to 2 hours after the adherence and invasion step greatly increased 
the amount of p-galactosidase activity detected as compared to those monolayers 
treated just after the adherence/invasion step. At this time the bacteria have had 
the greatest chance to leave the endocytic vacuole and most likely inhabit the 
1 0 cytoplasm at the time the antibiotic begins to act; thus the plasmid DN A is in the 
appropriate cellular compartment to make its way to the nucleus. 



Table 1 . Azithromycin-mediated bacterial plasmid DNA delivery. 





(3-galactosidase 
activity/mg 


Bacterial Counts 


Experiment 




U/m2 
"'ft 


Bact. /Flask 


Midlog 


SC602 




1.7fl0 9 ) 


Midlog 


SC602 
P CMV3 




1.4(10 9 ) 










24hr gentamicin, no azith. 


SC602 


0 


6.4(10 4 ) 


24hr gentamicin, no azith 


SC602 
PCMV3 


0 


3.5(10 4 ) 










azith 30ue/ml at time 0 


SC602 


0 


2.7(10") 


azith 30ug/ml at time 0 


SC602 
pCMVfi 


6.2 


5.4(1 0 4 ) 


azith 60ug/ml at time 0 


SC602 


0 


8.0(1 0 4 ) 


azith 60ug/ml at time 0 


SC602 
pCMV(J 


7.7 


10.1(10 4 ) 


azith 120ug/ml at time 0 


SC602 


0 


2.3(10 4 ) 


azith 120ug/ml at time 0 


SC602 
pCMV3 


8.5 


5.4(1 0 4 ) 


azith 30ug/ml at time 1 
hour 


SC602 


0 


1.5(10 4 ) 


azith 30ug/ml at time 1 
hour 


SC602 
pCMVP 


26.0 


1.8(10 4 ) 


azith 60ug/ml at time 1 
hour 


SC602 


0 


9.2(10 3 ) 


azith 60ug/ml at time 1 
hour 


SC602 
PCMV3 


25.6 


4.0(10 2 ) 


azith 30ug/ml at time 2 
hours 


SC602 


0 


1.3(10 4 ) 


azith 30ug/ml at time 2 
hours 


SC602 
pCMV(3 


18.6 


5.7(10 4 ) 
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azith 60ug/ml at time 2 
hours 


SC602 


0 


5.8(10 3 ) 


azith 60ug/ml at time 2 
hours 


SC602 
pCMV3 


27.0 


4.9(10 2 ) 



Mid log counts indicate the number of bacteria added to the flask. Bacteria were allowed to 
interact with the monolayer for 90 minutes prior to extensive washing, and addition of 
gentamicin. Azithromycin was added at the indicated concentration and time after the 
adherence/invasion step. [J-galactosidase assay was performed the following day. 

5 

EXAMPLE 2 

For this experiment, BHK cells were infected with either 15D, 
15D(pCMVb), SC602 or SC602(pCMVb). Initially, the number of viable 
bacteria and b-galactosidase activity were determined directly after the adherence 

10 and invasion step or 24 hours later in the presence of gentamicin. These results 
indicate: 1) strain SC602 can adhere and invade as well as strain 15D, which 
requires the presence of DAP in the inoculum to obtain this level of adherence 
and invasion and 2) only strain 15D(pCMVb) can deliver DNA in the absence of 
antibiotics. With the addition of 30ug/ml azithromycin, SC602(pCMVb) can 

1 5 now deliver DNA with resulting b-galactosidase activity detected at a similar 
level to strain 15D(pCMVb) (i.e. 17.4 adn 34 units versus 13.23 and 61.64 
units). Addition of azithromycin immediately after the adherence and invasion 
step seemed to reduce the level of delivered DNA as indicated by the lower b- 
gaiactosidase units for both 15D(pCMVb) and SC602(pCMVb). This reduction 

20 in b-galactosidase activity when azithromycin is added immediately after the 
adherence and invasion step can also be seen in Table 1 A. These results likely 
indicate that the bacteria are not within the cytoplasm at the time azithromycin 
begins to act; therefore, the plasmid DNA is released into the vacuole. 

25 Table IB. Azithromvcin-mediated bacterial plasmid DNA delivery. 

f}-galactosidase Bacterial 
activity/mg protein counts 

Experiment Strain U/mg Bact./Flask 

Adherence/in v asion 

(90min) SC602 1.28 2.68(10") 

Adherence/invasion 

(90min) SC602(pCMVp) 0.69 4.88(10 <1 ) 



Adherence/invasion 
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(90 min) 


15D 


0.62 


3.65(1 0 6 ) 


Adherence/invasion 

(90 min) 15D(pCMVp) 


1.30 


0..97(10 b ) 


24 hours 


SC602 


1.17 


0.13(10") 


24 hours 


SC602(pCMVp) 


1.59 


0.20(1 0 b ) 


24 hours 


15D 


0.74 


0.18(10 b ) 


24 hours 


15D(pCMVp) 


78.96 


0.14(10") 


30 ug/ml azithromycin added at indicated time after adherence/invasion: 


Immediately 


SC602 


0.79 


0.19(10 b ) 


Immediately 


SC602(pCMVf3) 


17.40 


0.23(10") 


Immediately 


15D 


0.74 


0.1 1(10°) 


Immediately 


15D(pCMVp) 


13.23 


0.03(1 0") 


2 hours 


SC602 


0.83 


0.09(1 0 b ) 


2 hours 


SC602(pCMVP) 


34.27 


0.41(10 b ) 


2 hours 


15D 


1.03 


0.02(1 0 b ) 


2 hours 


15D(pCMVp) 


61.64 


0.08(1 0 b ) 



Bacteria were allowed to interact with the monolayer for 90 min prior to 
extensive washing, and addition of gentamicin. After the adherence/invasion 
step, 30 ug/ml of azithromycin was added immediately or 2 hours after the 
5 adherence/invasion step, p-galactosidase activity was measured the following 
day. 

Results from TAbles 1 A and B indicate cultured cells that have been 
infected with an attenuated strain of bacteria not designed to lyse on its own can 

10 be made to do so by the addition of exogenous azithromycin. Addition should 
be timed to allow maximum DNA delivery (i.e. approximately 2 hours post 
adherence and invasion). It should be noted that no dramatic decrease in the 
number of viable bacteria was detected after the addition of azithromycin 
indicating: 1) a longer exposure time to the antibiotic might be necessary to lyse 

1 5 all of the bacteria, 2) other conditions may need to be in place to mimic true 

physiological conditions, or more likely 3) the level of replication in the absence 
of antibiotics (i.e. the 24 hour data) may not be a true reflection of the viable 
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bacteria if this strain is destroying the cultured cells, an observation that need to 
be clarified. 

EXAMPLE 3 
Ciprofloxacin Treatment to Mediate DNA Delivery 
5 In these studies, strains 15D, 15D (pCMVP), SC602, and SC602 

(pCMVp) were allowed to invade BHK cells cultured to semi-confluence. They 
were uniformly treated with gentamicin, an antibiotic that readily kills any 
remaining extracellular bacteria, then treated at various times with ciprofloxacin 
[Fass, R. (1983) Antimicrobial Agents and Chemotherapy 24: 568-574], a 

10 quinolone capable of inhibiting the activity of DNA gyrases which are required 
to supercoil bacterial DNA [Gellert et al. (1976) Proc. Natl. Acad. Sci. 73(11): 
3872-3876]. The supercoiled structure of DNA is responsible for the protection 
and proper functioning of the DNA. Unless supercoiled, DNA cannot 
transcribe properly and is also exposed to destructive nucleases and other 

1 5 damaging agents found within the bacterial cell. Unlike the results described 
above, ciprofloxacin was unable to mediate DNA delivery (Table 2). The best 
explanation for these results is that ciprofloxacin inhibits the ability of DNA 
gyrases to supercoil the plasmid DNA; thus the plasmid DNA is not protected 
from nucleases during the period in which the bacterium is dying. In fact, 

20 treatment of 15D(pCMVp) infected monolayers with ciprofloxacin just after the 
adherence/invasion step inhibited delivery of the plasmid DNA by this strain. 
This could be the result of either the bacteria not being out of the endocytic 
vacuole at the time of their death or as suggested above- ciprofloxacin's action 
on DNA gyrases affects the supercoiling of the plasmid DNA making it more 

25 susceptible to nuclease activity. If the latter is true, the results would also 

suggest strain 15D has lysed and delivered the plasmid DNA by two hours after 
the adherence and invasion step. 



Table 2. Ciprofloxacin treatment. 





P-galactosidase 
activity/mg of protein 


Bacterial 
Counts 


Experiment 


Strain 


U/me 


Bact. /Flask 


Midlog 


15D 




1.6(10 9 ) 


Midlog 


15D 
pCMVp ' 




1.7(10*) 


Midlog 


SC602 




2.2(1 0*) 


Midlog 


SC602 
PCMV3 




1.3(10*) 
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90 min. adherence/invasion 


15D 


1.01 


6.6(10 s ) 


90 min. adherence/invasion 


15D 
pCMV3 


1.64 


6.8(10 6 ) 


90 min. adherence/invasion 


SC602 


0.15 


2.8(10 6 ) 




SC602 
pCMVp 


1.02 


7.2(10 6 ) 










24hr gentamicin.no cipro. 


15D 
pCMVp 


188.24 


1.56(10 4 ) 


24hr gentamicin, no cipro. 


SC602 
pCMVP 


1.40 


6.02(10") 


cipro. added at time 0 
24hr gentamicin 


15D 
pCMV(J 


7.56 


0 


cipro. added at time 0 
24hr gentamicin 


SC602 
pCMVp 


1.67 


K10 5 ) 


cipro. added at time 2 hours 
24hr gentamicin 


15D 
pCMVp" 


131.48 


0 


cipro. added at time 2 hours 
24hr gentamicin 


SC602 
pCMVp 


2.34 


2(10 2 ) 


cipro. added at time 4 hours 
24hr gentamicin 


15D 
pCMVp 


228.20 


1.2(10 3 ) 


cipro. added at time 4 hours 
24hr gentamicin 


SC602 
pCMV3 


1.48 


0 



Midlog counts indicate the number of bacteria added to each flask. Bacteria in each experiment 
were allowed to interact with the monolayer for 90 minutes prior to extensive washing, 
followed by the addition of gentamicin (50ug/ml) or ciprofloxacin (50ug/ml) containing 
medium at the indicated time. 



EXAMPLE 4 

Cvciohexamide Treatment Confirms Production of the Plasmid-encoded 
Foreign Product is Dependent upon the Eukarvotic Cell 

10 In these experiments, BHK cells were infected with 15D(pCMVp) for 

90 minutes then treated with gentamicin followed by cyclohexamide, a peptidyl 
transferase blocker that inhibits protein synthesis in eukaryotic cells but not in 
bacteria. These experiments were done to confirm translation of the plasmid- 
encoded p-galactosidase was dependent upon the eukaryotic cell machinery, 

15 (i.e., protein synthesis was not taking place in the bacterial cell). As illustrated 
in Table 3, treatment of 15D(pCMV(3) infected BHK cells with cyclohexamide at 
various times after the adherence/invasion step resulted in the inhibition of (3- 
galactosidase activity, yet had little (i.e, a loss of 1 log viable bacteria when 
treatment occurred right after to two hours after the adherence/invasion step) to 

20 no effect on the number of viable bacteria recovered from treated wells. This 
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may be due to an active process that the bacteria requires from the cultured cell 
which is inhibited by the addition of cyclohexamide allowing fewer bacteria to 
enter. 



5 Table 3. Effect of cyclohexamide on bacterial-mediated plasmid DNA delivery. 







|3 -§<ilcic tosiddsc 
activity/mg 


Bacterial 
Counts 


Experiment 


Strain 


U/mg 


Bact./FIask 


Midlog 


15D 




9.4(lO a ) 


Midlog 


15Dp 
pCMVp 




1.8(10*) 










24hrs gent 


15D 


1.31 


1.1(10 4 ) 


24hrs gent 


15D 
pCMVp 


302.5 


4.2(10 4 ) 


cyclohexamide at 
timeO 


15D 
pCMVp 


7.56 


3.8(10 J ) 


cyclohexamide at 
time 2 hours 


15D 
pCMV(3 


5.82 


4.0(10 3 ) 


cyclohexamide at 
time 4 hours 


15D 
pCMVfj 


4.96 


4.5(10 4 ) 



Mid-log indicates the number of bacteria added per flask. Bacteria are allowed 
to interact with the monolayer for 90 minutes followed by washing and addition 
of gentamicin. Cyclohexamide is added at the indicated time after the 
adherence/invasion step. The [3-galactosidase assay was performed the 
following day. 

DISCUSSION 

Azithromycin is capable of mediating bacterial-based plasmid DNA 
delivery by an attenuated strain of Shigella flexneri not programmed to lysis 
after entry and endocytic vacuole escape of a mammalian cell. We hypothesize 
azithromycin action on protein synthesis inhibits the bacterium from 
synthesizing many of the components required to build its cell wall during 
division- much like the mutation of the asd gent within strain 15D, which 
removes an enzyme required to complete the process of cell wall synthesis. 
Thus, the plasmid DNA leaks out of the dying bacterium into the mammalian 
cell cytoplasm. We hypothesize that ciprofloxacin's inability to mediate delivery 
is based on the drug's action on DNA gyrase. If the plasmid DNA is no longer 
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protected from the action of bacterial nucleases, then it will be degraded before 
the bacterium lyses. 

5 



10 



15 



20 



30 
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What is claimed is: 

1 . A method for delivering functional DNA into a cell, said method 
comprising the steps of: 

(i) introducing said functional DNA into an attenuated bacteria able to 
5 enter cells; 

(ii) allowing said attenuated bacteria to enter cell; and 

(iii) lysing said bacteria inside said cell such that said DNA is released 
into said cell. 



10 2. A method for the delivery of functional DNA to a cell according to 

claim 1 , wherein said bacteria is Shigella. 

3. A method for the delivery of functional DNA to a cell according to 
claim 2 wherein said Shigella is SC602. 

4. A method for the delivery of functional DNA to a cell according to 

15 claim 1, wherein lysing of said bacteria in step (iii) is by using an antimicrobial. 

5. A method for the delivery of functional DNA to cell according to 
claim 4, wherein said antimicrobial is an antibiotic. 

6. A method for the delivery of functional DNA to a cell according to 
claim 5, wherein said antibiotic is azithromycin. 

20 7. A method for the delivery of functional DNA to a cell according to 

claim 1, wherein said cell is a cell of an intestinal mucosal epithelium cell. 

8. A method for delivering functional DNA to a cell according to claim 
7, wherein said mucosal epithelium is intestinal mucosal epithelium. 

9. A method for delivering an antigen to a cell comprising: 

25 (i) introducing said antigen into an attenuated bacteria able to enter cells; 

(ii) allowing said attenuated bacteria to enter cell; and 
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(iii) lysing said bacteria inside said cell such that said antigen is released 
into said cell. 

10. A DNA delivery kit for the delivery of functional DNA into cells, 
said kit comprising attenuated Shigella containing said DNA, and an 
5 antimicrobial able to enter said cells and lyse said attenuated Shigella. 
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(57) Abstract 



The invention discloses an attenuated mutant of Listeria monocytogenes incorporating in the act A gene or in its promotor 
a mutation capable of blocking or modifying the expression of the protein coded by the act A gene. This mutant can be used as a 
livin g vector for the expression of an heterologous ADN, particularly a gene coding for a viral, bacterial or parasitic protector 
antigene which is the target of T cells of subclass CD8. The recombinant mutant strains thus obtained may be used as a vaccine or 
diagnostic composition for checking the protection state of a host. 



(57) Abrege 

L'invention a pour objet un mutant attenue de Listeria monocytogenes comportant dans le gene act A ou dans le promoteur 
de celui-ci une mutation apte a bloquer ou modifier l'expression de la proteine codee par le gene act A. Ce mutant peut etre utilise 
en tant que vecteur vivant pour l'expression d'un ADN heterologue, notamment d'un gene codant pour un antigene viral, bacte- 
rien ou parasitaire protecteur cible de lymphocytes T de la sous-classe CD8. Les souches mutantes recombinantes ainsi obtenues 
ont des applications en tant que vaccin ou composition de diagnostic pour le controle de I'etat de protection d'un note. 
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Mutant attenue de Listeria monocytogenes ; souche recombi- 
nants de Listeria monocytogenes , utilisation comme 
vecteurs heterologues d'antigene vaccinal et utilisation 
comme vaccin ou composition diagnostique 

La presente invention concerne une souche 

mutante attenuee de Listeria monocytogenes et ses 

applications immuno-therapeutiques et diagnostiques , 

notamment pour la fabrication d ' une souche recombinante 

5 utilisable en tant que vaccin. 

Listeria monocytogenes est un bacille aerobie 

facultatif, non sporulant, a gram-positif tres repandu 

dans 1 * environnement et responsable de la listeriose 

humaine et animale. La maladie se manifeste par des 

10 infections opportunistes, soit par une meningite et/ou 
encephalite, des septicemies ou par des avortements, avec 
un taux de mortalite eleve chez les nouveau-nes et les 
adultes dont les mecanismes de defense sont af faiblis par 
la grossesse, une immunosuppression therapeutiquement 

15 induite, une maladie sous-jacente ou la vieillesse. La 
listeriose peul: aussi atteindre des sujets apparemment 
sains. 

Listeria monocytogenes est capable in vivo 
comme in vitro d'infecter une grande variete de types 

20 cellulaires, notamment les macrophages, les f ibroblastes , 
les cellules epitheliales et les enterocytes . 

Apres sa penetration dans la cellule infec- 
tee, la bacterie lyse la membrane du phagosome grace a 
une hemolysine qu'elle secrete. Au terme de cette etape, 

25 la bacterie est dans le cytoplasme de la cellule note. 

En outre, Listeria monocytogenes se carac- 
terise par son aptitude a se propager dans les tissus par 
infection directe de cellule a cellule sans quitter le 
cytoplasme (Racz et al., 1970 (9)). 

30 Peu de temps apres son entree dans la cellule 

hote, la bacterie s ' entoure d'actine filamenteuse (actine 
F) qui est ulterieurement se rearrange en "comete" 
derriere la bacterie dans la direction opposee au mouve- 
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ment (Tilney et ah, 1989, (13); Mounier et al. , (1990) 
(1). L'actine polymerisee est constitute de microfi- 
laments courts, orientes au hasard qui different des 
filaments d'actine longs habituellement observes dans les 
5 cellules musculaires. 

Les bacteries sont mobiles et laissent 
derriere elles des "cometes" d'actine F de plusieurs um 
de longueur. Certaines sont incorporees dans des protube- 
rances cytoplasmiques en forme de doigt, qui peuvent etre 

10 internalisees par les cellules voisines. Les deux membra- 
nes plasmiques entourant la bacterie sont alors lysees. 
Une fois dans le cytoplasme de la nouvelle cellule note, 
la bacterie peut se reproduire et comraencer un nouveau 
cycle de dissemination. 

15 Pendant ce processus de dissemination, les 

cellules de Listeria monocytogenes sont protegees du 
systeme immunitaire de l'hote, et la dissemination de 
cellule a cellule represente par consequent un facteur 
cle de virulence. 

20 En isolant et analysant un mutant Tn 917-Lac 

inapte a se disseminer de cellule a cellule, les inven- 
teurs ont pu identifier une proteine de Listeria monocy- 
togenes impliquee dans 1' assemblage de l'actine induit 
par la bacterie . 

25 Le gene codant pour cette proteine denommee 

act A, fait partie d'un operon (Mengaud et al., 1991 (b) 
( 8 ) ) dont la sequence nucleotidique complete a ete 
recemment decrite ( Vazquez-Boland et al. , 1992 (12)). 

La presente invention a ainsi pour objet une 

30 souche de listeria monocytogenes a virulence attenuee, 
caracterisee en ce qu'elle comporte, dans le gene act A 
ou dans le promoteur de celui-ci, une mutation capable 
de bloquer ou de modifier sensiblement l 1 expression de 
la proteine codee par le gene act A. 

35 La mutation peut etre realisee selon les 
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techniques connues, not« par insertion dans 

act A ou sen promoter, d'une sequence d'une ou 

bases, de preference un transpose* st ab le, del^ 

=u plusieurs bases . stations telles que £ 

mutagenese dirigee, par exemple par PGR et n Z 

mutations faux-sens. "* notamm ««t: 

La mutation peut notamment etre really 
insertion d-un transposon. tel que le transpose 
lac. comme decrit par Mengaud etal ., 1991 (a) (7) 

La mutation est effectuee de preference 'dans 
^ ™ COdant POUr la 

motifs r6p6t6s comprise entre aminoao P * 

350 a 360, 367 a 385 et 389 a 393 de la ,6 

que SEQ ID N* 1. sequence peptidi- 



ment d • 



20 N° 1. 



un autre site de mutation avantageux, notam- 
insertion est situe en aval de < 
Position 497 de la sequence nucleotidyl * ^ alt T 
Cette position correspond a cells entre les 
aminoacides 61 et 62 de la sequence peptidique SEQ id 



Une souche particuli^rement P r6f6r6e selon i 
presente invention est la souche de la IJ^^ 
,UT 12 deposee a la CollectioT^^; 
Cultures de Micro-organis„,es ,c NC M, i e 30 Janvier 1992 
25 sous le numero 1-1167. 2 

Les mutants selon !• invention sont aptes a 
conferer a des hates auxquels ils ont ete administres une 

p p a r : h o ec r°7 ontre une infection uitsrieu - — - ~: 

pathogene de Listers mo noevt:nfI Bnoe , 
30 , L- invention a done egalement pour oblet un 

vaccin hura ain ou veterlnaire comprenant en J?™ 
composant actif une souche attenuee de LisJeria^aono^vL 
aenes. telle que definie precedemment . 

35 ~ ff < , CS VaCCl " ""* 3Pte * cont ^ «ne protection 

35 ef ficace a 1 -homme ou a 1 'animal notamment aux bovins et 
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ovins contre la listeriose. 

La reponse immunitaire generee par 1 ' adminis- 
tration d'un mutant attenue tel que defini se traduit par 
la proliferation essentiellement de lymphocytes T de la 
5 sous-classe CD8. 

Les lymphocytes T de la sous-classe CD 8 sont 
actives par des peptides lies a des antigenes de classe 
I du CMH (complexe majeur d ' histocompatibilite ) generes 
par la proteolyse de proteines synthetisees ou liberees 
10 dans le cytoplasme d'une cellule presentant 1* antigene. 

Ainsi, les mutants attenues de Listeria 
monocytogenes selon 1 ' invention, sont aptes a stimuler 
le systeme immunitaire par la voie qui utilise les 
molecules de classe I du CMH. 
15 II est par consequent possible en transfor- 

mant Listeria monocytogenes a 1 ' aide d ' un plasmide 
approprie d'introduire un gene heterologue provenant de 
n'importe quel organisme et d'utiliser les souches 
recombinantes obtenues conune systeme d* expression d'ADN 
20 heterologue. 

L ' invention a ainsi egalement pour objet un 
mutant recombinant de Listeria monocytogenes caracterise 
en ce qu'il comporte un ADN heterologue, soit insere dans 
le genome d * un mutant attenue tel que def ini precedem- 

25 ment, soit porte par un plasmide se repliquant dans le 
mutant attenue. 

l'ADN heterologue consiste de preference en 
un gene heterologue codant pour un antigene . protecteur 
cible de lymphocytes T de la sous-classe CD8. 

30 Cet antigene peut etre d'origine bacterienne 

(par exemple de mycobacteries ) , parasitaire, (par exemple 
de Leishmania, Tripanosoma ou Toxoplasma) ou viral (virus 
de la grippe, virus de la choriomeningite lymphocytaire 
(LCMV) ou virus du Sida (VIH)). 

35 Un mutant recombinant de Listeria monocvtoqe- 
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nes particulierement interessant comporte les genes 
codant pour l'antigene gag et/ou l'antigene nef du VIH 
ou tout ou partie de 1 ' enveloppe gp 120 du VIH 1 ou gp 
140 du VIH 2 ou par un peptide tel que defini dans US-4 
5 943 628. 

La construction du mutant recombinant peut 
etre realisee par transformation d'un mutant attenue tel 
que defini ci-dessus, notamment du mutant LUT 12 a l'aide 
d'un plasmide approprie, et par exemple electroporation. 
10 Avantageusement , le clonage de l'ADN hetero- 

logue sera realise chez E. Coll et on utilisera un 
plasmide navette E. Coli - Listeria monocytogenes pour 
realiser la transformation. 

Comme plasmides, on peut citer pMKA 4 (Sulli- 
15 van et al., (14)) ou PHT 320 ( Leredus et al., (15)). 

Pour permettre 1 ' expression du gene d ' interSt 
(gene heterologue ) , 11 est avantageux d'inserer en amont 
du gene d'interet un promoteur fort de Listeria, tel que 
le promoteur hly. 
20 Pour que le produit de traduction du gene 

d'interet puisse etre secrete, il est preferable de 
fusionner le gene d'interet au debut de hly afin d'utili- 
ser "la sequence signal" de la listeriolysine 0 pour 
liberer la proteine d'interet codee par le gene heterolo- 
25 gue dans le cytoplasme d'une cellule d'hote. 

Les mutants recombinants de Listeria monocy- 
togenes tels que definis ci-dessus conviennent de maniere 
avantageuse pour la preparation d ' un vaccin recombinant 
humain ou veterinaire, contre une infection provoquee par 
30 un microorganisme produisant un antigene correspondant 
a la proteine codee par l'ADN heterologue insere dans le 
genome de Listeria monocytogenes recombinant. 

Les vaccins selon 1 ' invention peuvent etre 
administres par voie intra-veineuse, sous-cutanee, intra- 
35 musculaire ou orale. 
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Une dose appropriee se situe entre 5 . 10* et 
10 9 cellules/kg de poids. 

Cette dose varie en fonction de la voie 
d 1 administration ainsi que de la sensibilite de l'hote. 
5 L ' administration est de preference repetee 

afin de conferer une protection efficace a l'hote. 

Les mutants recombinants de Listeria monocy- 
togenes deflnis ci-dessus sont egalement appropries a la 
preparation d'une composition de diagnostic destinee au 
10 controle de l'etat de protection d'un note humain ou 
animal contre une infection provoquee par un microorga- 
nisme produisant un antigene correspondant a la proteine 
codee par l'ADN heterologue insere dans le genome de 
Listeria monocytogenes recombinant ou exprime dans cette 
15 souche lorsque porte par un plasmide. 

II suffira d'injecter localement la composi- 
tion de diagnostic selon 1' invention par voie sous- 
cutanee par exemple et d* observer apres un certain temps 
de latence si une reaction inflammatoire a lieu ou non, 
20 & la maniere du test a la tuberculine utilise pour 
controler 1 ' etat de protection d * un note contre le 
bacille de la tuberculose. 

On decrira ci-apres l'obtention de la souche 
mutant e LUT 12 de Listeria monocytogenes ainsi que ses 
25 proprietes en se referant a la fig. annexee represen- 
tant: 

A : 1 * operon lecithinase de Listeria monocy- 
togenes (Vasquez - Boland et al. , 1992 (12) avec la 
position du trans poson dans le mutant LUT 12. 

30 

B : la sequence d ' aminoacides de la proteine 
codee par le gene act A. 



35 
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15 



Les traits noirs renforces representent des 
genes dont les produits ont ete caracterises (mpl : 
metalloprotease, Domann et al., 1991, (3) act A 
(presente invention), pi c B : lecithinase) ORFX, ORFY et 
ORFZ sont des cadres de lecture ouverte. 

P : indique le promoteur, les lignes en 
pointillees le produit de transcription et un signal 
de terminaison de transcription potentiel. 

La sequence signal potentielle et le segment 
transmembranaire sont soulignes. La region de motifs 
repetes est entouree. La fleche correspond a 1 ' insertion 
de Tn 917-lac dans le gene actA du mutant LUT 12. 

La numerotation debute a l'extremite NH 2 de 
la proteine mature. Les residus determines par microse- 
quencage de la bande de 90 kDa sont imprimes en caracte- 
res gras et marques par un asterisque. 

I - Techniques generales de clonage et d* analyse d ' AON 



Toutes les techniques de clonage et d • analyse 
ont ete ef fectuees conformement aux protocoles standards 
(Sambrook et al. 1989 (10)) ou suivant les instructions 
du fabricant. 

1 ' ADN chromosomique de Listeria monocvt^ np. 
a ete prepare comme decrit par Mengaud et al., 1991 ( b ) 
( 8 ) . Les sondes pour Southern blot ont ete preparees par 
PCR, purifiees a partir des gels d' agarose en utilisant 
le kit Geneclean (Bio 101, inc. La Jolla, CA), et 
marquees en utilisant le systeme Multiprime d'Amersham. 

Les hybridations selon Southern ont ete 
realisees a l'aide du systeme d ' hybridation rapide 
(Amersham) sur des membranes de Nylon N (Amersham) dans 
un four pour hybridation Hybaid. 



35 
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II - Isolement de la souche LUT 12 et determination du 
point d ' insertion du transposon 

Une banque de mutants Tn 917-lac, produits a 
5 partir de la souche de type sauvage L028 et du plasraide 
p TV32 portant le transposon Tn 917-Lac cpmme decrit par 
Mengaud et al., 1991 a (7), a ete criblee sur des plaques 
de gelose au jaune d'oeuf preparee a partir de jaune 
d'oeuf frais dilue au 1:2 dans une solution de NaCl 150 
10 mM, et d' addition de 12,5 ml de ce melange a 250 ml de 
gelose additionnee d'une infusion de cerveau et de coeur 
(BHI) a 56°C. 

Un mutant lecithinase-negatif ne produisant 
pas d' opacification du jaune d'oeuf meme apres une 
15 incubation prolongee et montrant un phenotype de type 
sauvage pour tous les autres caracteres examines a ete 
appelee LUT 12. 

A - Caracteristigues biologigues de ce mutant 
20 Ce mutant avait a la fois une activite 

hemolytique et un taux de croissance in vitro identiques 
au type sauvage, mais se revelait de virulence tres 
attenuee chez la souris. 

TOXICITE 

25 La DL 50 etait plus elevee d'un facteur 4 log 

10 que la DL S0 des bacteries du type sauvage ( 10 8 ' 55 
bacteries au lieu de 10 4 ' 25 ). 

TESTS DE FORMATION DE PLAGES SUR CULTURES DE 
FIBROBLASTES 

30 Des essais ont ete effectues sur des fibro- 

blastes 3T3 (ECA CC88031146). selon la technique decrite 
par Kuhn et al-, 1990 (5), sauf que les infections 
etaient realisees a des concentrations variees d * inoculum 
: 1 a 25 ul de sous-cultures bacteriennes de 2 heures 

35 (A 600na de 0,45) soit non diluees soit diluees au 1/10. 
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Cet essai revele 1 ' aptitude de Listeria 
monocytogenes a se multiplier de maniere intracellulaire 
et a se disseminer sur des couches simples de fibroblas- 
tes revetues d ' une couche de gelose contenant de la 
5 gentamicine a une concentration letale pour les bacteries 
extracellulaires mais non pour les bacteries intracellu- 
laires. Apres plusieurs jours, des zones de cellules 
mortes detruites par 1 ' infection bacterienne sont 
vislbles a l'oeil nu sous forme de "plages". 
10 Les bacteries LUT 12 mutantes etaient inaptes 

a former des plages sur des couches simples de fibro- 
blastes 3T3. 

ESSAI DE DISSEMINATION SUR DES MACROPHAGES DE 
MOELLE OSSEUSE 

15 Une observation au microscope optique de la 

dissemination de Listeria monocytogenes sur des couches 
simples de macrophages primaires de moelle osseuse a en 
outre ete realisee comme suit. 

Des suspensions contenant des macrophages ont. 

20 ete preparees a partir de moelle osseuse d'une souris 
femelle C57BL/6 agee de 7 semaines, et cultivees dans un 
milieu RPMI contenant 10% de serum foetal de veau en 
presence de surnageant L. 4.10 5 macrophages derives de 
moelle osseuse obtenus au jour 6 ont ete ensemences dans 

25 les lamelles en verre rondes (diametre 12 mm) la veille 
de 1 'utilisation. Les macrophages ont ete infectes avec 
une MI ( multiplicte d ' infection ) de 0 , 04 ( une bacterie 
pour 25 macrophages, resultant en a peu pres 1% de 
cellules inf ectees ) , de maniere a pouvoir observer des 

30 points individuels d' infection, generes par la progeni- 
ture d'une seule bacterie. L' infection a ete realisee 
comme decrit pour un macrophage J774. 

Apres 30 minutes et apres 8 heures, ces mono- 
couches cellulaires ont ete fixees et colorees avec une 

35 solution de Giemsa. 
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Apres 8 heures, la progeniture des bacteries 
de type sauvage s ' etait disseminee a de nombreuses 
cellules notes nouvelles, et des bacteries portant des 
protuberances a leur extremite pouvaient etre observees. 
5 Au contraire, la progeniture du mutant LUT 12 est restee 
enfermee a 1* inter ieur d'une seule cellule infectee. Les 
bacteries mutantes ont, soit forme des microcolonies ou 
etaient disseminees dans le cytoplasme des cellules 
hStes, mais aucune protuberance contenant des bacteries 

10 ne pouvait etre detectee. 

Ce resultat indique que la bacterie rautante 
se multiplie a 1 * interieur des cellules infectees, mais 
est incapable d'infecter des cellules adjacentes par 
dissemination de cellule a cellule. 

15 TEST DE CROISSANCE SUR DES MACROPHAGES J774 

Un essai demontrant que la bacterie mutante 
LUT 12 etait apte a se multiplier de maniere intracellu- 
laire a ete realise au moyen d'un test de croissance sur 
des macrophages J774. 

2Q Cet essai a ete realise sur des couches 

simples de J774 dans des flacons de culture de tissus en 
matiere plastique de 25 cm 3 . Les cellules etaient 
infectees avec une MDI de 10 bacteries par cellule. Le 
nombre de bacteries intracellulaires etait calcule apres 

25. 2, 6 et 10 heures de croissance sur un milieu contenant 
de la gentamicine (5 ug/ml) par lyse des mono-couches 
cellulaires, lavage avec de l'eau distillee froide et 
etalement de dilutions appropriees sur des plaques 
contenant un milieu BHI. 

3Q Apres une duree de 10 heures, les courbes de 

croissance des bacteries de type sauvage et LUT 12 
etaient identiques. 

OBSERVATIONS AU MICROSCOPE ELECTRONIOUE 

Le comportement intracellulaire du mutant LUT 

35 12 a ete observe au microscope electron! que. Des macro- 



WO 93/15212 



PCT/FR93/00105 



phages J774 etaient infectes avec des bacteries de type 
sauvage ou la souche mutante pendant 30 minutes, suivie 
par une incubation de 60 a 210 minutes dans un milieu 
contenant la gentamicine. Pour le mutant et le type 
5 sauvage, on pouvait observer des bacteries libres dans 
le cytoplasme a 1 h 1/2 d' infection. A ce moment, le type 
sauvage et le mutant etaient entoures par une couche 
mince de materiel granulaire crepele, mais seul le type 
sauvage comportait du materiel filamentaire assemble a 
10 sa surface, constitue de filaments d'actine. A 4 h apres 
1' infection, les bacteries de type sauvage etaient 
entourees par d'epaisses couches de filaments d'actine 
F. Au contraire, les bacteries mutantes LUT 12 etaient 
presgue nues . Meme le revetement fin crepele observe au 
15 moment precoce de 1 1 infection avait disparu. 

Pour visualiser 1 1 association d ' actine F 
bacterienne de maniere specifigue, les auteurs ont 
realise des colorations en double fluorescence a l'aide 
de FITC-phalloxdine, une toxine fongique se liant a 
20 1' actine F, et avec un serum ant i - L . monocytogenes . suivi 
par un second anti -corps couplfe a la rhodamine, pour 
detecter les bacteries. Les macrophages J774 etaient 
infectes depuis 4h avec les bacteries de type sauvage ou 
mutant. Tandis que les bacteries de type sauvage se 
25 coloraient positivement avec la FITC-phalloidine, les 
bacteries mutantes LUT 12, bien que detectables avec le 
serum ant i-L. monocytogenes restaient invisibles avec la 
coloration de 1* actine. 

Ces resultats demontrent que les bacteries 
30 LUT 12 s'echappent des phagosomes aussi efficacement que 
les bacteries de type sauvage et se multiplient dans le 
cytoplasme. Cependant, les bacteries mutantes ne sont 
jamais associees avec de 1' actine F, sont incapables de 
se deplacer a 1 ' interieur de la cellule, et ne peuvent 
35 infecter des cellules voisines par dissemination directe. 
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Ces observations suggerent que le mutant LUT 12 est 
deficient en un composant necessaire pour le procede de 
formation de filaments d'actine induit par Listeria 
monocytogenes . 

5 B - DETERMINATION DO POINT D ' INSERTION DU TRANSPOSON 

Ce mutant a ete analyse par Southern blot 
pour determiner le nombre de transposons inseres dans son 
chromosome . 

L ' ADN chromosomique a ete digere par Bam HI, 

10 Eco RO, Hind III, Kpn I et Pst I. 

On a utilise deux sondes differentes corres- 
pondent a Tn 917-lac (Shaw et Clewell, 1985 (11)): une 
sonde recouvrant 515 paires de bases du gene de resis- 
tance a 1 ' erythromycine , obtenue par PCR avec les 

15 oligonucleotides 5 ' -TTG GAA CAG GTA AAG GGC ATT TAA-3 ' 
(position 821 a 844) et 5'-AGT AAA CAG TTG ACG ATA TTC 
TCG-3' (position 1313 a 1336), et une sonde recouvrant 
le fragment interne Hind III du transposon obtenue par 
PCR avec les oligonucleotides 5 f -ACA ATT AAT GTC TCC CAT 

20 ATT-3 ' (position 3082 a 3102) et 5' (ACT GAT AAT TAA CCA 
AAA CAG-3' (position 4295-4315). 

La jonction transposon-chromosome a ete 
clonee a partir d'une banque d 1 ADN chromosomique obtenue 
par restriction avec Eco RI/Kpn I dans pUC 18. Un clone 

25 comportant un segment d* insertion, correspondant a la 
jonction chromosome- transposon a ete isole et sequence 
directement a partir du plasmide par utilisation d'un 
oligonucleotide s'hybridant avec 1' extremite droite du 
transposon ( 5 ' -CTA AAC ACT TAA GAG AAT TG-3 * , position 

30 5244 a 5263). 

Le transposon etait insere apres 1' adenine 
497 dans la sequence nucleotidique du fragment Hind III - 
Eco RI du gene act A de l'operon identifie par Mengaud 
et al., 1991 (b) (8), dont la sequence nucleotidique a 

35 ete decrite par Vazquez -Boland et al., 1992 (12). 
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Le point d' insertion du transposon Tn 917-lac 
est represents sur le shcema de la fig. (A). 

Le phenotype lecithinase-negatif du mutant 
LUT 12 est vraisemblablement du a un effet polaire de la 
mutation par insertion dans act A, dans la mesure ou le 
3eme gene de l'operon plcB code pour la lecithinase. 

Des etudes complementaires ont ete realisees 
qui ont demontre que la perte de l'activite de polymeri- 
sation de l'actine etait bien due a une perte d* expres- 
sion du gene Act A. 

Des mutants ont ete realises par recombinai- 
son homologue entre le chromosome de Listeria monocytoge- 
nes et des fragments correspondant a des parties du gene 
plcB et des cadres de lecture ouverte ORFX/Y et 0RF2 
(fig. (A)) situes en aval du gene act A par insertion 
de plasmides en divers sites. 

Des etudes d' immunofluorescence par utilisa- 
tion de FITC-phalloidine et marquage a la rhodamine de 
bacteries dans des macrophages J 774 infectes ont montre 
que les mutants plcB, ORFX/Y et ORFZ etaient associes a 
des filaments d ' actine F tout comrae les bacteries de type 
sauvage. Ces etudes ont ete completees par des etudes de 
microscopie electronique qui ont montre que ces mutants 
etaient aptes a stimuler 1' assemblage de l'actine de la 
meme maniere que le type sauvage. 

Ces analyses montrent par consequent que des 
mutations en aval de act A n ' af f ectent pas 1 ' assemblage 
de 1 * actine A et suggerent que 1 ' incapacity du mutant LUT 
12 a polymeriser 1 ' actine cellulaire est due a 1 f absence 
d' express ion du gene act A. 

Une transformation du mutant LUT 12 realisee 
avec act A montre par ailleurs que le phenotype de type 
sauvage est restaure, ce qui exclut la possibility d'une 
mutation spontanee en un autre site du chromosome. 

Ces resultats demontrent ainsi que le produit 
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du gene act A est necessaire pour 1 ' assemblage de 
1 ' actine de Listeria monocytogenes et par consequent pour 
son pouvoir pathogene. 

Le produit du gene act A a ete determine 
5 conune deer it ci-apres : 

III - Analyse du produit du gene act A 



La sequence nucleotidique du gene act A 
10 laisse supposer que celui-cl code pour une proteine de 
639 aminoacides avec une sequence signal et une region 
transmembranaire (Vazquez Boland et al., 1992 12( ) . 

Des etudes complementaires ont ete realisees 
d'une part par analyse comparee des proteines de surface 
15 de Listeria monocytogenes de type sauvage et de la souche 
LUT 12. 

Les isolats bacteriens ont ete cultives dans 
200 ml de bouillon d' infusion cerveau-coeur (BHI, 
Laboratoires DIFCO, Detroit, Michigan) additionne 
20 d ' ery thomycine a 5 ug/ml pour LUT 12, sous agitation a 
160 tpm sur un agitateur Gyrotory G10 (New Brunswick 
Scientific) a 37° C pendant 18 h. 

Les bacteries ont ete recoltees par centri- 
fugation (5000 g pendant 20 minutes) et lavees a trois 
25 reprises dans une solution saline de tampon phosphate 
(PBS). 

Le culot obtenu a ete remis en suspension 
dans 4 ml de PBS et du SDS a ete ajoute a une concentra- 
tion finale de 1 %. A cette concentration de SDS, les 

30 cellules de L. monocytogenes ne se lysent pas. L ' absence 
de lyse bacterienne a ete verifiee au microscope. Apres 
5 minutes d' agitation a temperature ambiante, les 
bacteries ont ete centrifugees (50.000 g pendant 10 
minutes) et le surnageant concentre par ultrafiltration 

35 sur des microconcentrateurs (Centricom 30, Araicon) et 
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conserve a -20° C. 

La concentration en proteines a ete deter- 
minee a 1 ' aide de la methode a 1 ' acide bicinchoninique 
(Pierce). La concentration en proteines a ete ajustee a 
5 300 ug/ml pour 1 ' electrophorese. 10 pi d'extrait ont ete 
melanges avec 10 ul de tampon (SDS a 2 %, glycerol a 10 
%, mercaptoethanol a 5 %, bleu de bromophenol a 0,002 % 
et Tris HC1 0,02 M), bouillis pendant 3 minutes a 100° 
C. L * electrophorese a ete effectuee a 60 mA pendant 120 
10 minutes a travers des gels discontinus de polyacrylamide 
(Laemmli, 1970 (6)). les bandes ont ete visualisees par 
coloration a 1 ' argent (Heukeshoven et Dernick, 1985 (4)).. 

Pour le marquage de la surface cellulaire, on 
a centrifuge 400 ml d'une culture de 18 heures de L. 
15 monocytogenes; les bacteries ont ete lavees a 3 reprises 
avec PBS a pH 7,4 et remises en suspension dans 8 ml de 
PBs PH 8,0 a 4° C. 

Les bacteries ont ensuite ete traitees avec 
de la sulfosuccinimido biotine ( sulfo-NHS-biotine; 
20 Pierce) a une concentration finale de 0,5 mg/ml pendant 
2 minutes sous agitation moderee. 

Les cellules ont ete lavees a trois reprises 
avec PBS a pH 7,4 et extraites par extraction au SDS. 

Les extraits correspondant a 7 pg de protei- 
25 nes par couloir ont ete deposes sur des gels SDS et 
transferes cdmme decrit par De Rycke et al., 1989 (2) sur 
nitrocellulose (BA 85, Schleicher et Schull. Les filtres 
de nitrocellulose ont ete satures pendant une nuit dans 
PBS a 0,5 % de gelatine et incubes pendant 1,5 heure avec 
30 de la streptavidine conjuguee a de la peroxydase (Jack- 
son) dans du PBS contenant 0,5 % de gelatine et 0,1 M de 
Tween 20. Apres differents lavages dans le meme tampon, 
les bandes reactives ont ete revelees avec 0,5 mg/ml de 
4-chloro-l-naphtol (Biorad) et 0,03 % v/v d'H 2 0 2 dans 
35 l'eau. 
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Les analyses des gels d ' electrophorese 
raontrent un bande de 90 kDa pour le type sauvage qui est 
absente chez la souche LUT 12. Cette bande est egalement 
retrouvee chez les mutants plcB et les mutants LUT 12 
5 transformes par act A mentionnes ci-dessus. 

Les analyses de marquage de surface par la 
sulfosuccinimldo-biotine montrent de facon directe une 
proteine biotinylee de 90 kA chez les bacteries du type 
sauvage qui est absente chez la souche mutante LUT 12. 

10 Pour identifier sans ambiguite la proteine 90 

kDA, la bande de 90 kDA a ete isolee et la sequence des 
6 aminoacides de l'extremite NH 2 a ete determinee et 
comparee avec la sequence d ' aminoacides deduite de la 
sequence nucleotidique du gene act A. 

15 Les extraits sur SDS correspondant a 100 ug 

de proteines par canal ont ete mis a bouillir dans un 
tampon d * echantillonage SDS contenant 7 % (p/v) d'uree 
avant de realiser une electrophorese sur des gels au SDS 
a 7,5 %. 

20 Les proteines separees ont ete transferees 

sur une membrane Problott (Applied Biosystems) dans du 
Tris 50 mM - borate 50 mM pendant 17 heures a 4 a 5 
volts/cm. Les proteines ont ete colorees pendant 5 
secondes a l'aide de noir amido a 0, 1 % dans une solution 

25 d'acide acetique a 1 % et de methanol a 40 %, et rincees 
soigneuseraent a l'eau. Une bande de 90 kDa a ete decoupee 
dans plusieurs couloirs. Les proteines de la membrane ont 
ete sequencees par degradation selon Edman dans un 
sequenceur 740 A d' Applied Biosystems, avec, en ligne un 

30 analyseur HPLC PTH 120 A programme par le fabricant pour 
la membrane Problott . Les sequences d ' aminoacides ont ete 
analysees sur un ordinateur Data General MV 10000 a 
1* Unite d * Inf ormatique Scientifique de l'Institut 
Pasteur . 

35 La sequence Ala-Thr-Asp-Ser-Glu-Asp de la 
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20 



35 



proline isolee correspond exactement aux amino-acides 
du site de clivage de la sequence signal de predite 
d' apres la sequence peptidique-predite a partir du gene 
act A (fig. B). 

Par consequent, le produit mature du gene act 
A est une proteine de 610 aminoacides avec un poids 
moleculaire calcule de 67 kOA. Elle a un poids molecu- 
laire apparent de 90 kOA et est exprimee a la surface de 
la bacterie. 

Cette proteine est necessaire a 1' assemblage 
de l'actine F et son absence conduit a une attenuation 
tres importante de la virulence de Listeria monocvtng n^o 
Par consequent, toute mutation affectant le gene act A 
ou son promoteur et modifiant sensiblement ou empechant 
1' expression de son produit permettra l'obtention d'une 
souche attenuee non pathogene conformement a 1' invention. 

On rapportera ci -apres les resultats obtenus 
in vivo avec la souche LUT 12 sur la protection de souris 
contre une infection par Listeria monocvtng pnac 

IV - Effets, in vivo, de la souche LUT 12 : etude chez 
la souris 

A/ Multiplication du mutant actA dans le fn<o 
et la rate de souris infantas. 

Le comportement de LUT 12 a ete etudie, apres 
injection intraveineuse, dans la rate et le foie de 
souris, qui sont les principaux organes cibles ou L^ 
monocvtoq ftnps de type sauvage expriment leur pathogeni- 
cite. Les essais cliniques utilises etaient les sui- 
vants : les foies et rates des souris infectees etaient 
recoltes a differents moments apres 1' infection, et 
homogeneises pour permettre la liberation de bacteries, 
et les bacteries vivantes etaient comptees in vitro. 

La DL 50 du mutant actA LUT 12, apres injection 
intraveineuse chez d s souris C3H de lignee pure etait 
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plus elevee d'un facteur 3 log 10 que celle de Listeria 
monocvtooenes de type sauvage (2,5 x 10 7 contre 
2,5 x 10*). 

Les cinetiques de croissance du mutant actA 
5 et de la souche virulente de type sauvage dans le foie 
et la rate ont ete comparees. Apres injection intravei- 
neuse d 1 une dose maximum subletale du mutant actA (1,5 
x 10 7 organismes ) ou de deux doses dif ferentes de 
L . monocvtooenes virulentes (7 x 10 3 ou 6 x 10* ) , le 

10 nombre de bacteries dans le foie et dans la rate des 
souris infectees a ete determine a des durees variables 
au cours de 1' infection. 

Une augmentation du nombre de mutant actA a 
ete observee dans la rate pendant les 24 premieres 

15 heures, mais cette augmentation etait limitee (1 log 10 ) 
en comparaison avec 1 ' augmentation d ' un facteur 4 log 10 
observee avec la souche de type sauvage. A partir du 
jour 1, le nombre de bacteries mutantes actA a rapidement 
diminue et au j our 5 , presqu ' aucune bacterie ne pouvait 

20 etre recoltee a partir de la rate. Au contraire, la 
souche sauvage de Listeria monocytogenes pouvait tou jours 
etre de tec tee dans cet organe aux jours 9 a 10 de 
1' infection. Dans le foie, le nombre de bacteries 
mutantes actA a persiste a un niveau stable jusqu'au 

25 jour 4, et apres cela a diminue rapidement ; au contrai- 
re, le nombre de Listeria monocytogenes de type sauvage 
a augmente d'un facteur de 2 log 10 avant d'atteindre un 
plateau pendant 6 a 7 jours. 

La persistance du mutant actA a un niveau 

30 stable pendant 4 jours dans le foie peut refleter soit 
un equilibre entre la multiplication bacterienne et la 
mort bacterienne, ou une survie des bacteries sans 
multiplication. Pour faire la difference entre ces deux 
possibilites, les courbes de croissance bacterienne dans 

35 le foie et dans la rate de souris traitees par 1 ' ampicil- 
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line ont ete comparees a celles de souris temoins. 
L ' ampicilline inhibe la synthese du peptidoglycane et est 
bactericide sur des bacteries en phase de multiplication 
active. Les souris infectees ont ete traitees a deux 
5 reprises avec 15 mg d ' ampicilline par voie intraperito- 
neal a partir du jour 1, 2 ou 3 de 1' infection ; le foie 
et la rate ont ete preleves un jour plus tard, et le 
norabre de bacteries restantes a ete determine et compare 
avec celui obtenu a partir de souris non traitees par 

10 1 ' antibiotique . 

Apres un tel traitement, le nombre de 
bacteries actA a diminue brutalement dans la rate au 
jour 2, et dans le foie aux jours 2 et 3, rnais aucune 
difference entre la courbe de croissance temoin n'a ete 

15 trouvee aux jours 3 et 4 dans la rate, ou au jour 4 dans 
le foie. 

Ces resultats suggerent que la persi stance du 
mutant actA dans le foie est due a un equilibre entre la 
multiplication bacterienne et la mort. Etant donne que 

20 les mutants actA sont deficients en ce qui concerne la 
dissemination de cellule a cellule, in vitro, la persis- 
tante de actA dans le foie est vraisemblablement due a 
une infection de cellules voisines apres lyse des premie- 
res cellules notes infectees ; par consequent, Listeria 

25 monocytogenes peut etre exposee a des ef fecteurs bacteri- 
cides presents dans un milieu extracellulaire et sa 
capacite de dissemination locale peut etre diminuee. 

En outre, si des Listeria monocytogenes 
extra -cellulaires sont phagocytees par des macrophages 

30 actives par 1 ' interferon y , elles peuvent etre incapables 
d 1 atteindre le cytosol et de poursuivre leur cycle intra- 
cellulaire. 

Finalement, les mutants actA ont ete elimines 
de la rate et du foie plus tot que la souche de type 
35 sauvage, suggerant que les ef fecteurs protecteurs de 
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l'hote sont rapidement induits chez la souris infectee 
avec le mutant actA. 

B/ Effets d'une infection unique avec le 
mutant actA sur 1' induction d'une immunlte perslstante . 
5 L ' existence d ' une resistance non specif ique 

due a 1 ' activation des macrophages est un phenomene bien 
connu, survenant rapidement et de maniere transitoire 
chez des souris "recuperant" d'une infection subletale. 

Dans le but d'eviter de detecter simultane- 
10 ment des effets de l'immunite non specif ique et specif i- 
que, les inventeurs ont determine a quel moment la 
resistance non specif ique cessait de s'exprimer. 

lis ont injecte par voie intraveineuse un 
pathogene intra-cellulaire non apparente, Yersinia 
15 enterocolitica Ye8081 0:8 (16,17) soit chez des souris 
naives, soit chez des souris infectees avec le mutant 
actA, 4, 6,5, et 8,5 semaines avant 1' injection. lis ont 
compare le nombre de bacteries dans la rate et dans le 
foie dans ces deux groupes de souris. Aucune difference 
20 n*a ete observee entre les deux groupes a chaque moment 
du test. lis ont alors realise les experiences suivantes, 
6 semaines ou plus apres 1 ' infection avec le mutant actA. 

Preraierement , la DL 50 de L . monocytogenes de 
type sauvage a ete determinee chez des souris infectees 
25 6 semaines auparavant avec le mutant actA, et chez des 
souris temoins : une difference d'un ordre de 100 a ete 
observee entre les deux groupes (2,2 x 10 6 et 2,5 x 10 4 
respectivement ) . 

Deuxiemement , les courbes de croissance de 
30 L . monocytogenes de type sauvage ont ete comparees dans 
le foie et la rate de souris naives et de souris immuni- 
sees depuis 6 semaines, ce pendant les 3 premiers jours 
de 1' infection. Un ralentissement significatif de la 
croissance bacterienne a ete observe a partir du jour 1 
35 dans la rate, et a partir des jours 2 a 3 dans le foie. 
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Troisiemement , cette inhibition specif ique de 
la croissance de L . monocytogenes de type sauvage etait 
encore efficace 8,5 semaines apres 1' infection avec le 
mutant actA (diminution de 4,01 log l0 dans la numeration 
5 bacterienne de la rate 48 heures apres un inoculum 
bacterien de 5 x 10 4 ). 

Ces resultats raontrent qu'une infection 
unique avec le mutant actA attenue est suffisante pour 
induire une immunite contre L . monocytogenes de type 
10 sauvage. 

C/ Generation de lymphocytes T CDS * protec- 
teurs contre Listeria . 

Un transfert de protection a ete effectue 

15 chez des "recepteurs" syngeniques naxfs en utilisant des 
cellules de rate recoltees 7 jou s apres une injection 
intra-veineuse de 1,5 x 10 7 bacteries mutantes actA. Les 
"recepteurs" ont ete exposes a une infection intravei- 
neuse avec une dose letale de L . monocytogenes de type 

20 sauvage pendant 1 heure, et le nombre de bacteries a ete 
determine dans le foie et dans la rate des "recepteurs" 
deux jours apres 1* infection. 

Premierement , 1' injection de splenocytes de 
souris infectees avec le mutant actA a provoque une 

25 diminution importante du nombre de L . monocytogenes de 
type sauvage recoltees a partir de la rate des "recep- 
teurs" ayant recu les cellules, et cet effet etait dose- 
dependant. La diminution du nombre de bacteries a 
egalement ete observee dans le foie des "recepteurs", 

30 mais a un degre moindre (diminution de 1,00 ± 0,45 log 10 , 
n = 4, pour des transferts de 5 x 10 7 a 2,5 x 10 8 cellu- 
les, P < 0,02). 

Dans le but de caracteriser le phenotype des 
cellules de rate protectrices , on a soustrait dans la 

35 population cellulaire splenique immunitaire, soit des 
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lymphocytes Thy-1*, soit CD4*, soit CD8*, avant le 
transfert passif (Tableau 1 ci-dessous ) . Le transfert des 
splenocytes non soustraits a resulte en une reduction de 
3 a 4 log 10 du nombre de bacteries dans la rate. Cette 
5 protection etait transferee par les lymphocytes T, car 
une depletion en lymphocytes Thy-1* a aboli la diminution 
de la charge des bacteries dans la rate. Le niveau eleve 
de protection conferee par des splenocytes immuns apres 
7 jours n' etait que peu affecte par la depletion de la 

10 sous -population CD4. La major! te de l'effet protecteur 
confere par les splenocytes immuns apres 7 jours etait 
sensible a une depletion de la sous-population de CD8, 
mais ne pouvait pas etre mis sur le compte uniquement de 
la sous-population de lymphocytes CD8*. 

15 Dans la mesure ou la depletion en Thy-1 a 

supprime la protection, et ou la depletion en CD4 n'a eu 
qu'un effet marginal, on peut considerer qu'une partie 
du role protecteur non CD8 dependant est due aux lympho- 
cytes T doublement negatifs, comme cela a deja ete 

20 observe par DUNN et NORTH (18). Des experiences publiees 
auparavant de depletion/protection sur des cellules 
lyraphoides isolees de souris r6cuperant d'une infection 
avec L . monocytogenes de type sauvage ont montre que L. 
monocytogenes de type sauvage etait capable d * induire une 

25 protection qui etait presque exclusivement due a des 
lymphocytes CD8*, et que ces lymphocytes CD8* prote- 
geaient sans la participation de lymphocytes CD4* . 

Le mutant actA de L . monocytogenes est ainsi 
capable d ' induire la generation de lymphocytes CD8* 

30 specif iques, protegeant contre Listeria . 

Le mutant actA possede un gene de la liste- 
riolysine-0 fonctionnel qui lui permet de s'echapper du 
phagosome et d'entrer dans le cytosol ; 11 est probable 
que le mutant actA est capable de stimuler la production 

35 de lymphocytes T CD8* protecteurs contre Listeria, r con- 
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naissant des peptides naturels de L . monocytogenes . En 
outre, la capacite du mutant actA a se multiplier de 
maniere transitoire dans les organes des souris infectees 
et de secreter une quantite suffisante de proteines 
5 bacteriennes est probablement critique pour permettre une 
production efficace des lymphocytes CD8* protecteurs. 

Le transposon Tn917-lac s'est insere dans 
actA, le second gene de l'operon lecithinase, et a un 
effet polaire sur 1' expression du gene plcB codant pour 
10 une lecithinase. Les resultats obtenus dans la presente 
invention indiquent que la lecithinase ne joue pas un 
role essentiel dans 1 ' induction d ' une immunite protec- 
trice contre L . monocytogenes . 

En conclusion, les resultats de la presente 
15 invention montrent que des mutants attenues actA sont 
capables d'induire des lymphocytes T CD8* protecteurs 
contre Listeria, et qu'un etat d' immunite protectrice 
contre L. monocytogenes de type sauvage peut etre etabli 
par une infection unique. Comme les mutants actA pene- 
20 trent dans le cytosol des cellules infectees et se 
multiplient dans ce compartiment, on peut considerer leur 
utilisation comme vecteur vivant pour delivrer des 
proteines heterologues dans le cytosol et favoriser la 
production de lymphocytes T CD8* ; de tels vecteurs 
25 vivants capables de se multiplier de fagon transitoire 
sont supposes delivrer une charge suffisante de proteines 
heterologues dans le cytosol, ce pendant une duree de 
temps courte. En plus de leur utilisation potentielle 
comme modele pour le developpement de vaccins mettant en 
30 oeuvre des vecteurs vivants, ces Listeria de virulence 
attenuee peuvent etre utiles pour le criblage et la 
caracterisation de peptides bacteriens ou parasitaires 
specif iques d'allel s du locus codant pour les molecules 
de classe 1 du CMH. En effet, certaines bacteries et 
35 certains parasites resident dans les compartiments vacuo- 
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laires ; en outre, la cinetique de croissance peut etre 
faible. Ainsi, pour les especes de Leishmanla ou les 
especes de Mycobacterium , cet outil pourrait etre tres 
utile pour definir la specificite des lymphocytes CD8* 
5 qui sont produits en reponse a 1' infection. 
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Les cellules spleniques ont ete isolees a 
partir de sour is C3H au jour 7 apres injection intra- 
veineuse de 1,5 x 10 7 mutants actA. Les cellules Thy-1*, 
CD4* ou CD8* ont ete soustraites in vitro avant le 
5 transfert adoptif . Les anticorps monoclonaux utilises ici 
etaient Ant i -Thy- 1, 2 Jlj (ATCC TIB 184), anti-CD4 RL1724 
(Ceredig, R. Lowenthal, J.W. Nabholz M. and MacDonald, 
H.R. , 1985, Nature 314 98), et anti-CD8 31M (Sarmiento 
M. Glasebrook A.L. et Fitch F.W. . 1980, J. Immunol. 125- 

10 2665). La depletion etait < 90% apres chague traitement 
cytotoxique par des anticorps monoclonaux (resultats non 
representes ) . Les populations cellulaires non depletees 
[complement (C)] ou depletees ont ete transferees chez 
des " recepteurs " nalfs syngeniques 1 heure apres injec- 

15 tion de 4 a 8 x 10* L. monocytogenes de type sauvage. Les 
groupes temoins comprenaient des recepteurs de cellules 
non depletees ( c ' est-a-dire incubees seulement avec C ) 
et des recepteurs recevant seulement une injection de L. 
monocytogenes de type sauvage ( c ' est-a-dire pas de 

20 cellules). 48 heures apres 1' injection, les bacteries ont 
ete comptees (moyenne + ET) dans la rate des "recepteurs" 
(3 a 5 souris par groupe). La signification statistique 
(test de Student) est rapportee pour l'efficacite du 
transfert (cellules traitees contre pas de cellules) et 

25 pour l'effet du traitement de depletion sur l'efficacite 
du transfert (cellules depletees contre cellules traitees 
par C ' ) . 
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LISTE DES SEQUENCES 



I - INFORMATION GENERALE 

5 

(1) DEMAND EUR : INSTITUT PASTEUR 

(2) TITRE DE L ' INVENTION : 

Mutant attenue de Listeria monocytogenes . 

souche recotnbinante de Listeria monocytogenes . 
10 utilisation comme vecteurs heterologues d' anti- 

gene vaccinal et utilisation comme vaccin ou 
composition diagnostique. 

(3) NOMBRE DE SEQUENCES : 1 



15 II - INFORMATION POUR SEQ ID N° 1 

CARACTERI ST I QUES DES SEQUENCES 

TYPE : proteine 

LONGUEUR : 610 aminoacides 

TYPE DE MOLECULE : proteine de surface 
20 ORIGINE 

ORGANISME : Listeria monocytogenes 

LIGNEE CELLULAIRE : LO 28 
CARACTERISTIQUE 

NOM DE LA PROTEINE : produit du gene Act A 

25 

III - DESCRIPTION DE LA SEQUENCE 

-29 miimniiutftiYYrTTAiiciTTiirpnri 

1 JtfDSDSSIMTOCMECElCTCEQPSEVNTGnirETAREVSSROIlCE 
46 I£KSNKVRNTKKADLraMLKEK\EKGPNIMKNNSEQTENAA.INCE 
91 ASGADRPXIQVERRHPGLPSDSAAEIKKRRKAIASSDSELESLTY 
30 136 PDKPTKVNKKKVAKESVADASESDLOSSHQSA0E5SPOPLKANQQ 

181 PFFP KVFKKI KDAGKWVRDKIDEHP EVKKAI VDKSAGLI DQLLTK 

226 KKSEEVKAS t m 

i pFPPPPTDEEUU-ALPETPHLLGFNAPATSEPSSF 



235 

270 EFPPPPTDEE LRIALPETPMLLGFNAPATSEPSSF 

305 EFPPPPTEDELEIIRETASSLDSSFTRGDLASLRNAINRHSQNFS 

350 DFPPIPTEEEIWGRGGR. 



367 



PTSEEFBSLNSG 
379 IDF TDDEMSET 

35 389 TEEEIP RIADLRPRGTGKHSRNAGFLP LHPFASSP VPSL 

428 SPKVSKISAPALISDITKKTPFKWPSQPIJ^nr HKA 'r'l-IAl V lKKP 
473 TPVKTAPKlA£LPATlCPOCTVX«aiKTPrZEXOAETNK0SIIlMPS 
S18 If VXQK£ATESDKEE>4KPO^EERfVEESESAI0IAIf6ICMRSAGIEE 
563 qn.Tircimpin iff-PPrtMOTTt.Tt AMT.ATfivr«;r/5fcr Ttr t Tm. 
607 RKNM 
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SYMBOLES DES ACIDES AMINES 



5 



10 



15 



20 



A 


Ala 


alanine 


C 


Cys 


citeine 


D 


Asp 


acide aspartique 


E 


Glu 


acide glutamique 


F 


Phe 


phenyl al ani ne 


G 


Gly 


glycine 


H 


His 


histidine 


I 


He 


isoleucine 


K 


Lys 


lysine 


L 


Leu 


leucine 


M 


Met 


methionine 


N 


Asn 


asparagine 


P 


Pro 


proline 


Q 


Gin 


glutamine 


R 


Arg 


arginine 


S 


Ser 


serine 


T 


Thr 


threonine 


V 


Val 


valine 


W 


Trp 


tryptophane 


Y 


Tyr 


tyrosine 
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REVEND I CAT IONS 

1. Mutant attenue de Listeria monocytogenes 
comportant, dans le gene act A ou dans le promoteur de 
celui-ci, une mutation apte a bloquer ou modifier 

5 sensiblement 1 ' expression de La proteine codee par le 
gene act A. 

2. Mutant attenue de Listeria monocytogenes 
selon la revendication 1, caracterise en ce que la 
mutation consiste en une insertion, une deletion ou une 

10 mutation par mutagenese dirigee. 

3 . Mutant attenue de Listeria monocytogenes 
selon la revendication 1 ou la revendication 2, caracte- 
rise en ce que la mutation consiste en 1 ' insertion d 1 un 
transposon stable. 

15 4. Mutant attenue de Listeria monocytogenes 

selon la revendication 3, caracterise en ce que le 
transposon stable est le transposon Tn917-lac. 

5. Mutant attenue de Listeria monocytogenes 
selon l'une quelconque des revendications precedentes, 

20 caracterise en ce que la mutation est effectuee dans le 
fragment d'ADN codant pour la sequence peptidique a 
motifs repetes comprise entre les aminoacides 235 a 315, 
350 a 360, 367 a 385 et 389 a 393 de la sequence SEQ ID 
n°l. 

25 6. Mutant attenue selon l'une des revendica- 

tions 1 a 4, caracterise en ce que la mutation consiste 
en une insertion entre les aminoacides 61 et .62 de la 
sequence peptidique SEQ ID n" 1. 

7. Mutant attenue de Listeria monocytogenes 
30 selon la revendication 6, denomme LUT 12, depose a la 

CNCM le 30 janvier 1992 sous le n° 1-1167. 

8. Vaccin humain ou veterinaire, caracterise 
en ce qu ' il comprend en tant que composant actif une 
souche mutante attenuee de Listeria monocytogenes selon 

35 l'une des revendications precedentes. 
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9 . Souche recombinante de Listeria monocyto- 
genes , caracterisee en ce qu'elle comporte un ADN hetero- 
logue, soit insere dans le genome d'un mutant attenue 
selon l'une des revendications precedentes, soit porte 

5 par un plasmide qui se replique dans le mutant attenue. 

10. Souche recombinante selon la revendica- 
tion 9, caracterisee en ce que 1 'ADN heterologue consiste 
en un gene heterologue codant pour un antigene protecteur 
cible de lymphocytes T de la sous-classe CD8. 

10 li. Souche recombinante selon la revendica- 

tion 10, caracterisee en ce que 1* antigene est un anti- 
gene bacterien, notamment de mycobacterias . 

12. Souche recombinante selon la revendica- 
tion 10, caracterisee en ce que 1' antigene est un anti- 

15 gene parasitaire, notamment de Leishmania . de Trypanosoma 
ou de Toxoplasma . Theileria . 

13. Souche recombinante selon la revendica- 
tion 10, caracterisee en ce que 1' antigene est un anti- 
gene viral, notamment du VIH, du virus de la choriome- 

20 ningite lymphocytaire ou du virus de la grippe. 

14. Souche recombinante selon la revendica- 
tion 13, caracterisee en ce que 1' antigene est 1' antigene 
gag et/ou 1 ' antigene nef du VIH et/ou tout ou partie de 
l'enveloppe gp 120 du VIH1 ou gp 140 du VIH2. 

25 15. Souche recombinante l'une des revendica- 

tions 9 a 14, caracterisee en ce qu'elle comporte un 
promoteur de Listeria en amont de l'ADN heterologue. 

16. Souche recombinante selon la revendica- 
tion 15, caracterisee en ce que le promoteur est le 

30 promoteur hly. 

17. Souche recombinante selon la revendica- 
tion 16, caracterisee en ce que l'ADN heterologue est 
fusionne avec le debut du gene hly, de maniere a utiliser 
la sequence signal de la listeriolysine 0 pour secreter 

35 le produit de l'ADN heterologue dans le cytoplasme de la 
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cellule hote. 

18. Vaccin humain ou veterinaire recombinant, 
caracterise en ce qu'il comprend en tant que composant 
actif une souche recombinante selon l'une des revendica- 

5 tions 9 a 17. 

19. Composition de diagnostic comprenant une 
souche recombinante de Listeria monocytogenes selon 1 * une 
des revendications 10 a 17, pour le contrdle de l'etat 
de protection d'un hSte humain ou animal contre une 

10 infection provoquee par un microorganisme comprenant un 
antigene sensiblement identique a celui code par le gene 
heterologue insere dans la souche mutante recombinante 
ou porte par un plasmide se repliquant dans la souche 
mutante recombinante. 



15 
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A. 

Tn9l7lac insertion des plasmides 

rnpl actA picB OftFX OftfZ 

o 

— ^Ikb ^ , kb 



B. 

"29 MGLhTRFNfR AMMWFTTAN CTTTNPDT TFA 
•••••» 

1 XTDSZDSSLNTDEWEEEKTEEQPSEVNTGPRYETAREVSSRDIKE 
4 6 IXKSNKVRNTNKADLI^MLKEKAEKGPNINNNNSEQTENAAINEE 
91 ASGADRPAIQVERRHPGLPSDSAAEIKKRRXAIASSDSELESLTY 
136 PDKPTKVNKKKVAKESVADASESDLDSSMQSADESSPQP LKANQO 
181 PFrPKVFKKIKDAGKWVRDKIDENPEVKKAIVDKSAGLIDQLLTK 

226 KKSEEVNAS 

235 bFPPPPTDEELRLALPETPMLLGFNAPATSEPSSF 
270 EFPPPPTDEE LRLALPETPMLLGFNAPATSEPSSF 
305 EFPPPPTEOEIHIIRETASSLDSSFTRGDLASLRNAINRHSQNFS 
350 DFPPIPTEEEL NGRGGR 



367 



PTSEEF SSLNSG 



37 9 DF TODEN SET 

389 I TEEEIP RLADLRDRGTGKHSRNAGFLPLNPFASSPVPSL 

428 SP KVSK I SAP AliISD ITKKTPFKNP SQP LNVFNKKTTTKTVTKKP 

4 73 TP VKTAPKLAELPATKPQETVLRENKTPFIEKQAETNKQS INMP S 

518 LPVIQKEATESDKEEKKPQTEEXMVEESESANNANGKNRSAGIEE 

563 GKLIAKSAEDEKAKEEPGNHTT T.TTAVfLATmrF^LGAFTKTTOT, 

607 RXNN 
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